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PREFACE. 


I  lie  essential  B 


It  is  the  purpose  of  this  work  to  present  all 
iacta  relatinir  to  the  normal  histology  and  the  pathological 
anatomy  auii  histology  of  man  in  a  systematic  and  concise 
way.  In  suhjecte  su  weW  established  as  these,  originality 
of  (lata  is  little  to  be  expected,  and  the  chief  object  to  be 
aimed  at  is  armngement  and  treatment  of  the  subject  in  a 
manner  convenient  and  clear  to  stndents  and  practitioners 
of  medicine,  for  whom  this  treatise  is  intended.  It  is 
attempted  to  present  the  subject  up  to  the  most  recent  dis- 
coveries and  developments,  avoiding  points  unsettled  and  in 
doubt. 

The  part  on  normal  histology  is  written  entirely  by  Dr. 
Nichols,  that  on  pathology  entirely  by  Dr.  Vnle.  Each  is 
fully  responsible  for  the  statements  in  his  own  part,  and  for 
those  only. 

J.  B.  NICHOLS. 

FRANK  P.  VALE. 

WieHINOTON,  D.  C. 
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NORMAL   HISTOLOGY. 


CHAPTER    I. 
INTIIODUCTION. 

Histology  {from  ihe  Greek  laro;,  tissue,  and  X^yo-,  discourse) 
13  a  branoh  of  anatomy  treating  of  the  niiimte  or  microscopi- 
cal structure  of  living  oi^niams.  In  its  full  significance  it 
relates  to  tiie  entire  orgunic  kiugdom,  all  plants  and  unimuls 
alike.  Within  large  flassenof  aninmls  or  plants  the  structure 
of  the  tissues  is  quite  uniform;  hut  on  com|)ariiig  one  largo 
group  of  orgjiuic  tyi»es  with  another,  differences  in  the  structure 
appear,  although  there  are  a  fuudamcutal  unity  and  similarity 
thmughtmt. 

The  hixlofoffic  xtrufiurf  nf  man,  with  which  the  pi-osent 
treatise  deals,  is  substantially  the  same  as  that  of  nil  Ihe  mam- 
malia, the  points  of  variation  being  few  and  slight ;  henw 
human  histolog}'  and  mammalian  histology  are  almo.it  identi- 
cal. In  passing  to  the  classes  of  birds  and  reptiles,  however, 
marked  ilitfcrenws  begin  to  appear,  as  in  the  forms  of  the  red 
bhiod-etirpLi^U's,  while  the  general  stnioturt^  remains  similar. 

Analrais  of  UatoloKic  Btmctores :  In  analyzing  iheorgiknism 
into  itM  anatomic  and  histologic  elementji  we  Und  that  they 
are  arranged  in  an  ascending  series  of  a^regations.  The 
ultimate  rltmeiitt  of  all  are  the  atoms  and  molecules ;  as  the 
scope  of  bistohtgic  science  does  not  extend  Uyiind  tin'  liniils 
of  microscopic  vision,  the  atomic  and  nioknihir  r-innliirt.'  of 
tissues  and  cells  does  not  come  within  il.'^  tiiM.  Imi  is  invcri'il 
by  organic  chemistry  and  physics,  with  diilcrctii  iiii'ilimls  of 
investigation. 

The  smallest  elements  with  which  histohigy  deals  are  iiuutsea: 
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lu'iiro  rliomistiy  and  physics  cover  the  atomic  and  molecular 
.strui'iurc  ;  [iir-tul(pj:y,  tlie  minute  molar  structure  of  organisms. 
Till'  ultiiiiatf  ami  smallest  i>erceptible  histologic  elements 
of  (li.-tiiu't  imliviiliial  character  may  be  divided  into  two 
elusM.'s,  cells  uod  non-cellulax  or  extracellular  elements.  By 
tin-  union  ot"  tlicse  elements  ti«nies  are  formed,  as  fibrous  tis- 
sue, muscular  tis.siie ;  by  the  union  of  tissues  organs  are 
fornifd  ;  a  conibiniilion  of  organs  all  working  together  for 
the  aceiiniplLsiiuieut  of  some  general  function  constitutes  a 
Ki/Kfi'ii)  or  /(■(((■(,  iH  tli«  reproductive  system,  the  alimentary 
triict ;  wiiite  all  ihc  systems  tt^'thcr  make  up  the  amtjjlde 

Tiie  ii»ir)ti1i>}f/  graden  of  aggregation  in  otgjinic  structure 
are,  lltcn,  after  atoms  ana  molecules,  cells  and  extrucellulur 
'leiiicnt-s,  tissuo^,  oipins,  systems,  the  organism. 

The  .-inlijift  will  here  he  elaborated  in  the  order  correspond- 

n;;  to  [hi^  analysis,  beginning  with  the  fundamental  elements, 

t'il>,  I'll',,  thi'u  takinir  up  their  ajrjrregntions  in  tissui'S,  and 

■■  slihlvliisr  iliL'  Mrin'iurc  of  tljc  orpuis  making  ii|>  the 

IS  syr-icii-,  .iC  Mi'L'auir  activily. 

Histologic  technique  :  Tlic  histologic  cxatniLiatinn  of  lis^ncs 
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dyes,  for  instance,  such  as  liKmatosylin,  carmine,  methylene- 
blue,  constitute  a  class  of  stains  very  much  used,  which 
iniuart  to  the  cell-nuclei  a  deep  color,  while  they  leave  the 
bodies  of  the  cells  uncolored  ;  the  general  stains,  as  eosin,  on 
the  contrary,  stain  the  cell-protoplasm,  but  not  the  nuclei. 
There  are  numerous  other  processes  to  be  curried  out ;  but  the 
limits  of  this  work  do  not  permit  the  consideration  of  practi- 
cal meihods,  for  which  reference  may  be  made  to  the  numer- 
ous special  works  on  that  subject. 


CHAPTER    IT. 
CELLS  AND  ,R  ELEMENTS. 

Elements  of  tisanft  iincnt^  of  which  t 

are  composed  are  c  ir  (or  inirrcflbtiar)  unb- 

dances.     Of  these  t  l>}"  far  the  hulk  of  the 

tissues  and  play  llie  hcnimiena  of  life.   The 

body  protoplasm,  w  nd  siiurce  of  all  vital 

phenomeaa,  is  looat* 

The  non-ceUii/fir  «  by  the  vital  nctivities 

of  the  cells,  provide  a  .  ^uiiport,  and  framework  for 

the  cells,  which,  composed  as  they  are  of  scmiHuid  protoplasm, 
have  little  consistency  of  their  own  and  are  scarcely  capable 
of  self-support.  The  cells  are  alive  and  the  seat  of  life  ;  the 
function  of  the  extracellular  elements  is  merely  ineclianical, 
and  they  do  not  |iossess  any  real  vitality  of  their  o>vu. 

The  coll:  A  cell  is  the  smallest  jwrceptible  oi^nization  of 
protoplasm  having  a  definite  and  comjtiete  individuality,  struct- 
ure, and  vitality  of  its  own.  It  manifests  in  miniature  all 
the  characteristics  of  life  exhibited  by  the  entire  oi^uisni. 
It  is  a  unit  of  oi^nic  structure  and  oi^nic  activity.  It  is 
the  source  and  the  seat  of  vital  manifestations. 

The  name  "cell"  literally  means  a  small  inclased  space. 
This  meaning  does  not  express  a  correct  concei)tioii  of  the 
nature  of  cells.  The  term  arose  from  the  fact  that  vegdnbfe 
cells,  with  their  prominent  walls  and  their  transparent  though 
vital  contents,  appear  like  a  mass  of  cavities  separated  hy 
partitions.  The  term  "  corpus*! I e,"  often  used  syniHiymously 
with  cell,  better  expresses  tlie  idea. 

Classes  of  cells:  All  cells  have  a  fundamental  siniihn-ity  in 
origin,  structure,  and  nature ;  but  as  they  actually  occur  they 
vary  much  in  form  and  function  in  different  situations.  Two 
classes,  in  general,  can  he  distinguished : 

1.   Generalized   or   undifferentiated,  independent,  free-firing 

2't 


,  eaoli  endowed  with  all  the  attributes  of  vitality  and 
capable  of  complete  existence  singly  and  by  iiH^lf.  Tliuy  are 
typital  cells.  Of  this  kind  are  («)  the  single  rjfllti  of  which 
piinie  of  the  hiwest  (unicellular)  forms  of  living  beings  con- 
sist, as  ihe  Iwcteria,  ^lesmids,  and  iliatums  among  plantM ;  and 
the  pr«tti»)a — amtebie,  foraminiftTa,  infusoria— among  animals; 
(h)  the  ova  and  sportv  from  which  all  the  higher  organisms 
develop,  eat^h  being  an  liide|>endent  and  un()IHerentiat«d  cell, 
and  derived  from  tlie  union  of  two  other  free  though  not  typi- 
cal cells,  the  female  ovule  and  the  male  8pcrm-c*ll;  (c)  cer- 
tain actively  vital  cells  living  free  in  the  fluids  and  tissues  of 
the  highest  organisms,  exemplified  by  the  white  hlood-corpust^le, 
or  Uukocjfte, 

2,  Differcntialf'f  or  specialized  cclfe.  In  unicellular  animals 
and  plants  the  single  cell  carries  on  all  the  operations  of  life. 
In  the  forms  that  through  evolution  hav^  become  more  highly 
developed,  inst«id  of  a  single  cell  the  organism  is  composed 
of  many  cells;  and  instead  of  each  cell  in  the  multicellular 
oi^nism  carrying  on  all  the  functions  of  life,  those  ojwrations 
are  divided  among  different  sets  of  cells,  some  serving  one 
purpose,  some  another.  This  is  differentiation,  or  specializa- 
tion ;  it  is  a  true  division  or  organization  of  lalwr,  and  by  it  a 
maximum  result  is  accomplished  with  the  minimum  and  most 
economical  exi>enditure  of  energy.  In  such  a  differentiated 
organism  the  c^lU  in  varioiis  situations  and  devoted  to  various 
piirposcs  vary  ui'eordingly  in  form,  structure,  and  function. 
Each  great  class  of  plant  and  animal  forms  has  Its  own  char- 
acteristic types  of  cells. 

The  gprciftlizfd  fixfd  celh  of  mammnllan  tinttuef  may  be  in 
general  divided  into  four  classes :  epithelial  cells,  ctmncctive- 
UsBue  cells,  nerve-cells,  and  muscle-cells. 

It  is  worthy  of  note  that  the  young  or  embrj-onal  forms  of 
cells  that  are  specialized  when  mature  often  partake  of  the 
more  generalized  character,  thus  exemplifying  the  principle 
that  the  ilitferent  phases  through  whieli  an  organism  passes 
in  the  course  of  its  genesis  and  development  are  indicative 
of  the  different  forms  through  which  it«  species  passed  in  the 
course  of  i(s  evolution. 

Btrnctnre  of  cells:  All  cells  have  a  body  of  protoplasm, 
which  in  most  cases  contains  a  nuclem  (Fig.  1).     The  centra- 
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Home  is  an  im|wrtaiit  feature  of  most  cells.  Many  cells  are 
surniuiiiled  by  a  rAl-waU,vt\\\\e  Mune  have  pioce«*tK  and  other 
B|>ociu!  featiirt'S. 

The  eell-body,  or  cytoaome:  As  a  general  thing,  the  body  or 
main  (non-miclear)  j>ortiini  of 
Fio.  1.  cells   is   conipDBed   of   typical 

live  protoplasm.  The 
[ism  of  t%ll~boi{ies  in 
lied  nitojJairm.  In  typ- 
Is,  like  the  leukocyte, 
t^  can  be  distin^iiieued 
protojilasni  :  the  hf/ah- 
1  clear,  seniiflnid,  motile 
similar  in  appearance 
liiteof  an  egg;  and  tiin 
pliwrn,  or  vpangiaplaan, 
niiicii  in  thcliviiigeell  pn-sents 
a  granular  appearance,  but  is 
supposed  by  many  to  l>e  made 
up  of  fibres  or  a  sjumge-Uke 
reticulum.  The  granular  jwrtion  ut^ually  occupies  the  central 
portion  of  the  cell,  when  it  is  called  the  mdoplasm,  or  endo- 
sarc;  the  hyaline  portion  then  forms  the  outer  [»art  of  the 
cell,  and  is  called  the  ectoplamn,  or  ectosarc. 

Sometimes  the  protoplasm  contains  granutcx,  as  of  pigment, 
or  foreign  particles  which  have  been  (aken  into  the  soil  sub- 
stance of  tne  cell  from  without,  as  bacteria  and  other  bodies 
absorbed  by  leukocytes,  or  food- particles  taken  in  by  the 
small  unicellular  organisms.  Some  cells  contain  rnaioles, 
minute  rounded  cavities  or  spaces ;  in  some  of  the  pn)tozoa 
these  are  contractile,  being  alternately  distended  with  fluid 
and  then  emptied  by  the  contraction  of  the  surrounding  pro- 
toplasm, thus  accomplishing  some  sort  of  circulatory  pnicess; 
certain  human  cells  are  vacnolate<1.  Cells  often  contain  sub- 
stances elabf)rated  by  their  own  activity  and  stored  up  in 
their  bodies  in  granules  or  small  masses.  One  of  the  com- 
monest of  these  is  fat ;  cells,  as  in  the  liver,  secreting  mam- 
mary gland,  the  vitellus  of  the  ovum,  often  contain  small 
fatty  globules.  In  some  cases,  as  in  adijmse  tissue,  this  proc- 
ess is  carried  to  an  extreme  degree  and  the  ceil  becomes  com- 
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pletolv  fillM  ami  distendwl  with  a  solid  mass  of  fat,  the 
original  protoplasm  remaining  only  as  a  thin  atrophied  filiell. 
In  plant-culls  the  body  of  the  cell  is  largely  oconpied  by  sap, 
Htarch -granules,  and  the  like.  In  some  cases  tlic  protoplasm 
becomes  tnitisformed,  ru  that  little  vitality  k  lefl  to  the  cell ; 
na  in  the  horny  layer  of  the  ekin,  in  which  the  cella  have  l)een 
converte<I  into  a  tough  horny  euhatance  well  adapted  to  pnr- 
pofw'.s  of  protection. 

CeU-grannlea :  The  granules  which  occur  in  the  iMwlieH  of 
many  cells  are  of  various  kinilw.  Some  are  particlea  of  pig- 
ment prodnced  by  (lie  action  of  the  cell  or  absorl>ed  from 
without.  Some  are  produced  artificially  by  the  rfagente  em- 
ployed in  the  preparation  of  the  sprcimen,  not  ocenrring  in 
the  natural  state ;  even  water  will  canse  the  ap|»canince  of 
■  granules  in  some  cells.  Other  granules,  which  are  colorlos,«, 
api>ear  to  Iw  s}>eeiali7Jition3  of  the  Inxly-protoplasm.  Among 
snch  grannies  im]H>rtant  distinctions  arc  made  out,  especially 
by  their  behavior  with  staining-rengenis;  these  distinctions 
lire  eapeciallv  serviceable  In  the  study  of  leukocytes.  S<)me 
grannies  will  become  stained  by  one  kind  of  dye,  others  by 
another  kind,  these  stain ing-peculiari ties  corresjionding  to  dif- 
ferences in  the  chemical  oonstttntion  of  the  grunuW. 

Stains  in  which  the  coloring-i^nt  is  the  acid  part  <if  the 
compound,  as  cosin,  are  called  fifiil  stainn ;  those  in  which  the 
liasic  iwirtion  of  the  dyestuff  is  the  staining-principie,  as 
incthyfene-bliie,  are  called  bnxlc  Ktahis  ;  while  stains  couifMMed 
of  a  mixture  of  acid  and  Ihimc  dyes  arc  calleil  neulrnl  ^aimi. 

Granules  which  are  colored  by  ncntrul  stains  are  called 
"  neutrophile  "  ;  those  that  take  ha^ic  stains  are  called  "  baso- 
phile";  those  that  take  acid  stains  arc  best  cidlei]  "oxyphiie" 
focuCi  tu^'td,  anil  ifdito,  to  love),  thongh  they  are  most  com- 
monly called  "eosinophile"(eo8in  heingoneof  the  most  potent 
aoid  stains),  also  sometimes  "  acidophile  "  (a  barbarous  term). 

Ehrlich's  much-quote<l  division  of  the  grannies  of  leuko- 
cytes and  other  cells  into  five  classes  is  as  follows:  //-granules, 
coarse  oxyphilic  op  eosinophilic  granules,  found  in  certain 
human  leukocytes;  ^-granules,  amphophilic  grannies  (taking 
both  aoid  and  basic  slains),  <»cciirring  in  the  hlooil  of  some 
animals ;  y-granules,  (^inrse  l>ii.s<iphilic  granules,  found  in  mast- 
oelU;  ^-granules,  fine  basophilic  granules,  at  times  found  in 
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human  leiikorytca;  and  e-gramilos,  fine  noiitropliilic  (granules 
(by  some  cirasiiiertHi  oxyphilic),  very  cuninion  in  human  leu- 
kocytes. 

The  nucleus :  Mrjst  cells  contain  in  their  interior  a  nucleus, 
a  rounded  rftnictiire  distinctly  marked  off  fmm  the  celI-l)ody. 
It  appears  c-^necially  pniminent  wlieii  stained  \>y  nuclear  and 
basic  (lyca,  wliich  ii  Icua  n  deep  color,  while 

the  body  of  tlie  <'e]l  r  not  iit  all.     Nuclei  are 

inclosed   ;uiil  depart  t  of  the  cell  by  a  mem- 

brane, till'   unclear  i  nucleus  consists  of  two 

portions :  the  nudfa  luu,  a  network  of  fibers; 

luul  tlie  iHfhar  nttU  ^bstanc^  in  the  meshes 

oftherftiriilum. 

The  fibrillin-  substautn^  imposed  of  twn  parts,  a 

homf^Mi'iiiis  ^r«inid-«ul)stan«;  .  d  Imin,  suppurtwl  in  . 
which  arc  granuloH,  fibres,  and  filaments  of  a  substuncu  called 
ekromaiiti.  In  stained  specimens  the  deep  color  shown  by  the 
nucleus  is  taken  liy  tlie  chn)matin  (whence  the  name),  while 
the  ftround-snbstancc,  or  linin,  and  tlie  nuclear  matrix  are  less 
colore*l. 

From  the  phenomena  of  karjiohincdn,  the  chromatin  is  siip- 
posed  to  be  of  the  )iif!;hest  significance  and  importnnce  in  vital 

Ithenomcna,  especially  in  wuincction  with  ro|»roduction  and 
leretlity.  Chromatin  has  been  omjcetnrcd  to  be  identical 
with  nuclcin,  a  chemiejil  constituent  of  cellis  which  is  regarded 
from  pliysiol<^ic!iI  an<l  chcniic^al  considerations  us  playing  a 
highly  important  part-  in  the  economy  of  cell-aetlvity. 

In  many  cases,  as  in  ova  and  nervc-eclls,  the  nucleus  con- 
tains a  little  nucleus  of  its  own,  or  more  than  one,  c-allcd  the 
nucleolus.  Most  cells  are  uninneleafcd,  or  contain  hut  a  single 
nucleus  each  ;  certain  elus.scs  of  cells,  Imwevcr,  aro  multinu- 
cleated, containing  several  or  numerous  nuclei  each,  as  the 
voluntary  muselc-colls,  osteoclasts,  and  the  giant  cells  present 
in  certain  pathological  i>roeesses. 

In  shape,  the  nuclei  are  usually  spheroidal,  oval,  or  discoid  ; 
but  in  different  cases  the  shape  varies  greatly,  and  may  be  ex- 
ceedingly irregidar. 

The  location  of  the  nuclei  in  the  cells  varii's,  being  some- 
times in  the  centre,  sometimes  excentric,  sometimes  at  the  very 
periphery  of  the  cell. 
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Tlit'ir  eiie,  in  pro[>ortion  to  that  of  the  entire  cell, 
varies;  usually  (he  nucleus  comprises  hut  a  email  jwrt  of  the 
n)r[>uaclc  ;  l>iit  in  some  cases,  as  in  the  monimnclcar  leukocyte, 
the  nucleus  occupies  the  lar^st  purt  of  tlic  cell. 

Must  animal  nnd  vegctulilo  c«lls  are  nticlented.  Nuclei 
have  not  been  den  ion  at  rated  in  some  of  the  unicelhilttr  organ- 
isms, however,  tlioiijjfh  they  are  jin>liably  jireaent.  Arnimg 
matnmiiliitn  cells  one  important  claw,  the  red  blotxi- eorpiiecles, 
is  not  iinele»t«(l.  The  nucleus  weras  fiueh  an  ei^sential  feat- 
nrc  ill  the  life  and  reproduction  of  cells  that  cells,  like  the  red 
bloixl -corpuscles,  that  are  not  nucleated  are  probably  lacking 
in  the  full  altributes  of  vitality. 

The  precis  funtHon  of  the  nucleus  is  not  clear ;  but  it  is 
evidently  <if  high  im})ortanoe,  especially  in  connection  with 
reproduction  and  heredity.  It  is  pmhahly  the  most  vilal 
part  of  the  cell,  the  boily  largely  ser\'ing  nutritive  ami  me- 
cliunical  purposes. 

The  centTMome,  or  polar  corpiufde^  is  a  minute  round  re- 
fractive bfidy  or  iw.int,  situated  in  the  interior  of  the  cell. 
Till-  protonhismic  granules  around  it  are  arranged  in  delicate 
radiating  lines,  forming  the  attradionsphrre.  Jn  resting  or 
non-<lividing  eelU  it  may  bo  within  the  nucleus,  or  just  out- 
side ;  but  in  thii  stage  it  is  not  con.ipicuons  and  is  usually  in- 
visible. During  the  pnicesa  of  karj'okinetic  cell-division  it 
appears  prominently  in  the  prottiplasm  of  the  cell-body,  and 
it  plays  an  important  part  in  this  process,  apparently  exercis- 
ing some  sort  of  polar,  or  directive,  or  attractive  influence  in 
the  division. 

The  cell-wall,  or  c^o/n/M»rt .-  Manycells  are  surrounded  with 
a  covering  or  wall,  which  gives  support  and  protection  to  the 
soft  protoplasm.  This  may  Ik-  a  distinct  membrane,  or  a  con- 
densation and  hardening  of  the  outermost  layer  of  protoplasm. 
Some  of  the  lower  nniecllular  organisms  secrete  around  theni- 
selvps  a  silicious  or  calcareous  covering.  The  cell-walls  of 
plants  consist  of  celhihise,  a  firm  siibstanee  belonging  to  the 
starch  gnmp,  to  which  the  hardness  of  wood  is  <lue.  Some 
cells,  as  the  leukot-ytcs,  appear  to  be  devoid  of  a  distinct  cell- 
wall. 

Oilia  and  fiagella:  Certain  kindsof  cells  have  fine,  hair-like 
proeessi'S  or  fdaments  projei-ling  from  their  surlace,  capable 
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of  active  vibratory  or  undulatory  movcmenfci.  They  nrc 
composed  of  in-otoijlasni  like  thut  of  the  oell-lH«iy,  and  their 
motility  is  of  the  smae  naturaas  tlmt  »f  protoplasm  generally. 
When  they  are  comparatively  short  and  thickly  crowded  on 
the  surface,  or  :i  part  of  the  surface,  of  the  cell,  they  arc  called 
cilia;  when  ihey  arc  lonp;  ami  owor  singly  or  ooly  in  small 


'itgflia.  They  occur  not 
ind  infusoria,  but  are  of 
iw-e  in  the  human  body; 
c!liut«d  epithelium,  and 

tl,  as  they  act  in  unison, 
ing  from  a  fixed  surface, 
ig  the  surface  or  creates 


numbers  on  the 
only  on  low  org;i»ir 
wide  distriltiition  e 
e,  (}.,  where  cilia  oc 
flagella  on  the  sper 

The  motinn  of  ci 
a  wave-like  motion 
as  in  mammalia,  cai 
currents  in  the  fluid 

The  moti'in  of  fla^  y,  and  when  attached  to 

free  cells  tlii-;  iiinveTi]         ,.,  .n-^els  the  cells  through  tho 

fluid  in  which  they  occur,  actuig  in  the  *itiic  miinuer  as  the 
tail  of  a  tadpole  or  fish.  Flagella  therefore  are  a  means  for 
rapid  locomotion  of  spermatozoa,  monads,  and  other  free- 
awimming  cells  provided  with  them. 

Other  cell- proc esses :  Besides  motile  processes  like  those  just 
described,  some  cells  jyoscess  ]>ermanont  and  non-motile  pro- 
jections, which  may  be  very  various  in  form  and  size,  coar»e 
or  fine,  long  or  short,  branching  or  very  irregular.  Grand  ex- 
amples are  furnished  by  nerve-cells,  bone-cells,  connective- 
tissue  cells. 

Fomu  of  cells:  Cells  vary  widely  in  shape,  according  to 
the  situation  in  which  they  occur  and  the  purposes  they  serve. 
The  typical  shape  is  perhaps  spheroidal  or  oval.  The  leuko- 
cytes, ivhich  are  typical  active  cells,  are  spherical  when  at 
rest.  Many  cells  which  when  mature  arc  of  diverse  shapes 
are  spheroidal  when  young.  In  a  differentiated  multicellular 
oi^nism  there  is  a  great  diversity  of  form  in  different  hniali- 
ties.  On  expo.ied  surfaces  they  become  flattened  or  disk- 
shaped  ;  in  other  situations  they  are  spheroidal,  or  columnar, 
or  elongated,  or  branching,  sheath-like,  or  tubular,  or  alto- 
gether irregular.  But  however  diverse  their  form,  their 
fundamental  type  is  identical  throughout ;  they  are  all  definite 
protoplasmic  bodies,  usually  nucleated. 
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Sise  of  cells:  The  size  of  cells  varies  much.  Some  of  the 
bacteria  are  only  almut  1  micmmillimetrc'  in  diameter;  these 
are  very  small  cells.  The  diameter  of  ordinary  vegetable 
cells  ranges  from  20  to  100  /t;  while  some  plant-cells  are 
birly  visible  to  the  naked  eye,  nearly  1  mm.  in  diameter. 
The  mammalian  ovum  is  a  very  large  cell,  about  0.2  mm. 
(200 /i)  in  diameter,  Hn man  red  blorKl-corjuiscles  are  about 
7  or  8  /I  in  diameter,  and  leukocytes  7  to  15  /(.  Human  vol- 
untary muscle-cells  range  from  10  to  40  /i  in  diameter,  and  2 
to  4  cm,  in  length.  The  ordinary  cells  of  human  tissues 
range  from  about  5  to  40  /<  in  diameter. 

Vital  properties  and  fonctions  of  cells :  The  study  nf  func- 
tion pertains  especially  to  the  science  of  pliysiology  ;  in  his- 
tology it  is,  however,  necessary  to  pay  some  regard  to  func- 
tions, since  function  an<l  structure  are  intimately  related,  and 
a  consideration  of  the  former  thmws  light  on  the  latter,  as  a 
full  understanding  of  the  latter  is  eitsential  to  an  adequate 
understanding  of  the  former.  The  function  expresses  the 
meaning  of  the  structure. 

The  properties  and  manifestations  of  life  and  or^nisms  in 
general  reside  in  the  indivi<luHl  cells.  The  functions  and  ac- 
tivities of  cells  are  the  same  as  those  of  life  itself.  These 
activities  are  usually  divided  into  three  classes,  niitntion,  acnin- 
bUiti/,  and  uwtlon. 

Nutrition  broadly  comprehends  the  ingestion  of  fiw>d-ma- 
t«ria] ;  its  elaboration  and  assimilation  into  the  organic  struct- 
ure ;  the  rejection  of  waste ;  the  formation  of  the  structural 
oi^ntKalion ;  the  preserving  of  it  intact ;  development  to 
maturity:  reproduction;  decline;  the  passage  through  a 
definite  life-cycle. 

Independent  free-living  cells,  as  the  unicellular  ot^nisnis, 
leukocytes,  etc.,  carry  on  all  these  vital  operations  alone — 
nourish  themselves  through  their  life-cycle,  manifest  irri- 
tability, and  possess  the  power  of  (|  nasi -sjion tan cous  move- 
ment. The  specialized  cells  of  difl'crcntiated  organisms  each 
devote  their  respective  energies  to  some  particular  part  of  the 
work  of  life,  insteail  of  each  juTforming  all  the  vital  functions. 

lit  emiiloveii  in  microiwvi|iic  tneaHiireinents  is  the  mitm- 
■oo,  bnellv  ilealpiHleit  by  tlie  Gr«k  letter /i ;  il  is  rii'iio  '■' 
about  ijjes  th  of  an  inch. 
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Thus  tbe  functions  of  such  cells  become  (lij^tHlniteil  and  dif- 
ferentiated :  one  t«t  of  cells,  in  the  tntiscular  Ry^tem,  exerciees 
the  power  of  eimtractility ;  others,  in  the  nervous  syetein,  are 
specially  arninged  as  seats  of  eensibility  and  conseiouRtiexs ; 
other  cells  liave  uheroical  functions,  in  the  secretory  appara- 
tus ;  some  Imilil  up  the  framework  nf  the  body,  some  serve  as 
a  covering  in  ilic  mfi  ide  for  reproduction. 

Uoremeuts  of  eel  ble  vital  inovementB,  of 

automatic  or  quasi-  actcr,  of  which  cells  are 

capable  are :  1,  ami  ;  2,  contraction  ;  3,  cili- 

ary movement;  4,  o  I  circulation.     These  are 

all  probablv  vurvin^  <f  one  fiindauirntal  mode 

of  motion.     IJi'sidc!-  ,.  ihysical,  not  vital,  micro- 

scopic moliiiTi    i.^    soiiieiimC's  L-'d    in    cells,  nanielv,    6, 

Brownian  niovL-tiient. 

Amosboid  moTeioest :  Many  free  cellfi,  as  the  leukocytes  in 
the  blood  iiiid  some  of  the  protozoa,  possess  the  power  of 
spontaneoush'  jiniiniding  and  withilrnwin^'  jinx^esses  of  the 
body -protoplasm.  These  pnicesses  are  called  pneudovodiu ; 
and  this  kind  of  movement  is  culled  amreboid,  from  tJie  fact 
that  it  is  characteristic  of  the  protozoon  known  as  the  amceba. 
At  rest,  the  cells  ca|Kd)le  of  ama'boid  movement  are  usually 
spheroidal ;  but  when  in  motion  their  -shajw  may  become  very 
irregular. 

The  psendopotth  have  no  definite  form.s  or  size,  but  are  very 
variable  and  irr<^ular.  They  may  he  linwid,  or  they  may  be 
slender  and  filamentary  ;  they  are  alwavs  temporary  and  capa- 
ble of  retraction,  unlike  perniauent  <»li-procesKes.  "  By  means 
of  them  the  cells  are  enabled  to  seize  food-particles,  or  to 
move  themselves  about,  extendinfr  n  pseudopodiura  in  one 
direction,  and  then  by  enlarping  it  the  body  gradually  follows. 

The  hyaloplasm.,  or  clear  outer  |Kirt  of  the  protoplasm,  is 
the  more  actively  concerned  in  the  ama'boid  movements ;  it  is 
the  first  to  be  protrude<l  in  the  pseudopodin,  while  the  granu- 
lar portion  of  the  pnitoplasm  more  shiwly  follows.  Tjie 
throwing  out  of  the  p.^cudoiHHlia  is  said  to  ho  due  to  currents 
of  the  fluid  protoplasm,  which,  impinging  on  iiie  periphery 
of  the  cell,  unbounded  by  a  stiff  Widl,  cause  it  to  bulge  and 
protrude  at  that  i>oint. 

Contraction  is  a  moilc  of  movement,  closely  allied  to  amoe- 
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boi<i  movement,  which  is  maiufostiKl  by  many  wlls.  The 
pnituplasm  ^[irroiiiKliiig  contractile  vacuuledcithibite  it.  It  is 
esiji-cially  the  function  of  miiscle-cells,  which  decrease  in 
length  and  at  the  same  time  increase  in  thickness.  This 
movement  is  also  said  to  be  accomplished  by  the  flowing  of 
tlu-  Hiiid  pi-otopliism. 

Oillary  movement:  The  vibratory  movement  of  ciliu  and  the 
iindiilalxry  movements  of  flagelk  have  been  already  described. 
It  is  a  vitui  protoplasmic  movement. 

Oydosis:  In  certain  vegetable  oelU  currents  of  liquid  and 
mluute  |Kirtieles  are  observable  coursing  about  in  definite 
channels  entirely  withtn  the  eell.  This  movement  is  called 
cvclosis,  or  internal  cell-cin-ulation,  and  is  perhaps  due  to 
spaces  and  channels  in  the  cell -substance,  along  which  the  con- 
taine<l  fluid  is  forceil  by  contractions  of  the  protoplasm, 

Browniaji  movement:  Fine  microscopic  particles  of  solid 
matter,  if  mixed  with  water  or  certain  slightly  viscid  fluiilw, 
exhiliit  under  the  microsi'opc  a  characteristic  constant  ihincing 
nr  iiscilluting  movement.  This  was  first  described  in  IH^U, 
by  Itdbcrt  Ilrown,  from  whom  it  has  been  c:dled  the  Browuiiui 
movement ;  it  is  also  (tailed  pedeais.  Ite  cause  is  not  unilcr- 
st<M>d.  It  iri  a  purely  phy3i<'al  phenomenon,  not  vital ;  hut 
granule*  within  cells  sometimes  exhibit  this  movement. 

Intimate  structure  of  cella:  The  description  of  cells  aliove 
given  covers  the  features  observable  by  means  of  the  micro- 
M»i»o.  When  we  (iontemplate  how  from  a  single  microscopic 
cell,  the  ovum,  a  lawe  oi^nism  can  develop,  composed  of 
millions  of  cells  of  a  liighly  ditferentiatwi  aud  vastly  compli- 
rnte*)  stnicturc;  and  how  ova  indistinguishable  from  one 
another,  though  iH'longing  to  different  species,  produce  their 
own  kind  with  unerring  fidelity  :  we  are  forced  to  conchido  that 
the  germ-cells  must  contain  elements  or  mechanisms  eorrc- 
spmiling  to  aud  capable  of  developing  all  the  various  parts  of 
the  full  grown  organism— that  is,  tliat  they  have  a  vastly  com- 
plex stnicture  that  is  hidden  from  us  beyond  the  limits  of  micro- 
soopio  vision,  and  thiit  what  we  see  are  but  the  coarsest  feat- 
ares  of  their  constrnetiim,  Slructnral  elements  not  ordinarily 
viaible  become  manifest  during  karyokinesis.  Between  the 
atomic  and  molecular  structure  of  which  we  griin  some  idea 
through  oheiuical   science,  and  the   elements  visible   to   us. 


_   ..^  -,    jMaxMiic-,    j>ln-t iiliilo,    l>i(>j>li<tr.-. 
the  like,  \\-A\v  at  prc-ciit   liltlc  iimi-r  tliau  :i 

Extracellular  elements:    'llic   iKMi-cclluhi 
(Xti'accllular  (.•oiislitueiits  of  tissue.s  serve  t 
and  provide  a  mechanical  framework  for 
themselves  do  not  possess  the  firmness  re( 
organism.     These  elements  are  not  the  seat  c 
which  pertains  exchisively  to  the  cells ;  the 
the  vital  activities  of  the  latter. 

The  intercellular  substances  exhibit  con 
and  in  different  tissues  occur  in  varying  p 
total  amount  of  the  cells. 

The  simplest  form  is  the  intercellular  cerm 
stance  which  cements  cells  together.  The  pis 
and  the  serum  of  lymph  may  l>e  regarded  as 
lular  substance  in  which  the  cells  are  suspend 

The  greatest  variety  and  quantity  of  extrac 
occur  in  the  connective  tissues,  where  the  fi 
matrix  of  cartilage,  and  the  mineral  mailer  de 
are  of  this  character. 
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separated,  and  the  one  parcnt'ccll  lias  become  two  daughter- 
cells.  This  [imcess  is  called  direot  or  amitotic  division  or 
fission  (Fijr.  2).  This  methral  of  division  sometimes  oooiire 
with  some  cv\h,  but  it  is  believed  to  be  far  leas  common  than 
the  indirect  or  karyokinetic  method. 

Bndding,  or  gemmation:   Occasionally  this   mode  uf  cell- 
reprodnction  oct^iii  kou.     A  small  prutriision 

of  protoplasm  apj  n  of  the  cell,  gradually 

enlai^s,  and  is  ht.  a  the  parent  and  becomes 

independent. 

S^mentatJon:  ' 
up  of  the  parent-t 
which  sepjirate,  an 
occurs  among  some 
observed  in  the  pL 
life-period  nilhcr  :ili 
minute  hyitliiK'  .-^jilici 

Indirect  divisiott,  karyokineais,  or  mltosla,  is  the  usual  and 
chief  mode  by  wiiich  all  cells  repn)duee  themselves.  The 
proee.ss  is  accomplished  by  a  series  of  definite  changes,  affect- 
ing especially  the  chromatin-fi laments  and  centrosomes  (Figs. 
3-8.)  The  stages  of  typical  kaiyokinesis  may  for  purposes 
of  descriptiou  l>e  capitulated  as  follows: 
1.  Besting  stage. 


ic  simultaneous  breaking 
■  of  small  ronniled  ceils, 
levelop  to  niaturity.  It 
liiiman  medicine  is  easily 
,  which  at  the  end  of  its 
into  from  eight  to  twenty 


2.  Continuous  convolution 


f  a,  close  skein, 


)  b,  open  skein. 

3.  Segmented  convolution. 

4.  Equatorial  oi-  aster  stage. 

5.  Division  of  chromosomes  and  metakinesis. 

6.  Diaster  stage. 

7.  Double  segmented  convolution. 

8.  Double  continuous  convolution. 

9.  Division  of  oell-hody. 
10.   Resting  stage. 

In  the  intervals  between  karyokinetic  division,  or  the  rest- 
itiff  slage,  the  chromatin  of  the  nucleus  is  arranged  in  gran- 
ules, filaments,  or  a  network,  but  not  in  any  definite  manner. 

The  mitotic  process  begins  with  an  enlargement  of  the 
nucleus  and  an  increase  of  the  chnimatin  ;  at  the  same  time 
the  centrosome  appears  in  the  body- protoplasm  and  eniat^^es. 
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The  c)in)m:itin  <1evelops  into  an  apparently  continuous  and 
sin^'le  lun?  Ulament  in  a  tangled  i^koin,  or  dense  convolution,  or 
"spircm."  This  is  the  sta^  of  the  continuous  convohd Ion.  At 
first  the  ohromatin-filanK'nt  is  fine,  and  is  arranged  in  elose, 
crowded  turns ;  this  fiirmatioii  is  calle<l  the  eJose  »kein.  Later, 
tlie  filameot  Iiecomes  coarser,  and  the  loops  and  windings  of 
the  convolution  more  open,  tbrming  the  <^en  skein.  The 
nuclear  inemhrane  and  nucleoli  become  gradually  transformed 
into  the  chromatin -filament  and  absorbed  into  the  skein,  and 
thus  disappear,  so  that  mi  wall  now  separates  the  nucleus  from 
the  rell-body. 

The  chromatin -filament,  which  heretofore  has  apparently 
been  one  continuous  thread,  then  breaks  up  into  segments, 
forming  the  «<Xfmeitted  coin-olutimi.  KucU  of  these  segments  is 
called  a  rhrmno«ovu:  The  chromosomes  form  V-shaped  or 
U-shaped  loops,  and  tend    to  arrange   themselves  with   the 


Cell  (o» 


kud  StiitlvclLl). 


angles  toward  a  common  centre  and  the  arms  radiating  out- 
ward. The  number  of  chromosfimes  in  different  species  is 
usually  from  four  to  thirty-six  in  each  cell ;  one  cnistacesn, 
artemia.hns  168.  Humancellfiomtain  about  sixteen  chromo- 
somes each.  The  numlier  of  chmmosomos  is  uniform  in  all 
the  cells  of  the  same  species.     In  the  meantime,  iliiring  the 
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scgnieDtation  of  the  spirem,  the  coulrosome  baa  divided  iuto 
two,  which  have  iteparated  uiid  betxtrae  located  at  upposite 
pointa  or  poles,  one  on  each  side  of  the  nucleus. 

In  the  equfUnritd  or  asUr  stage  the  process  is  at  its  height, 
The  achromatic  npiiidle  has  developed,  c(>n»>ii<tiiig  of  delicate 
iftriip,  iincolored  by  the  staio  (whence  the  term  achromatic), 
vvhidi  are  arraugcd  in  the  form  of  two  cones  baviog  their 
apices  in  the  two  centrosomes,  and  their  bii^s  directed  toward 
each  other;  or,  in  other  words,  the  achn>ma  tin -fibres  form  a 
fu^torm  spindle,  with  the  extremities  in  the  eentrosomes  or 
[M>les  (Fig.  9).  The  chromosomes  Ixjoome  arranged  in  the 
equatorial  plane  of  this  spindle — that  is,  in  tiie  plane  bisect- 
ing at  right  angles  the  axis  or  line  connecting  the  two  jwies ; 
their  loops  are  dimpled  inward  toward  the  common  centre; 
Uieir  arms  and  free  extremities  extend  outward  in  a  radiating 
manner,  presenting  the  appearance,  from  the  side,  of  a  star, 
or  aster. 

The  next  stage  is  the  divmon  of  the  chromommeJt  and  niiffin- 
lion  of  their  wgrnenU,  or  iitettikiiifsi*.  The  chromosome-fila- 
ments split  in  two  longitudinally,  bt^inning  at  the  ai>ex  or 
bend,  and  the  apices  of  the  separated  halves  then  travel  along 
the  threads  of  the  achromatic  spiadle  toward  the  two  cen- 
trosonies. 

Thus  the  double  aster  or  liiiuiter  gtage  develops.  Around 
each  eentrosome  the  diiugliier-chromoeomes  become  arranged 
in  radiating  or  the  aster  form.  The  chromatin  of  the  single 
original  nnclens  has  been  divided  into  two  equal  part^,  to 
form  two  new  da  lighter- nuclei ;  and  it  is  to  be  observed  that 
tlie  numl)er  uf  <i!in»mosomes  in  the  daughter-cells  is  precisely 
the  same  as  In  the  |mrentr-cell,  and  remains  constant  through- 
out for  each  species. 

The  free  ends  of  the  chromosome-fibers  become  connected 
by  achromatic  filaments,  and  tlie  chromatin -fibers  now  undergo 
a  chan're  precisely  the  reverse  of  that  of  developing  karyo- 
kinenis.  Tbe  doiihle  Hrtjmentei!  convolution,  or  disconnected 
cJimmosoraes,  is  siiocee<ietl  by  the  doiAlf  eontinumu  conrolu- 
tinni  first  the  open  skein  appearing,  then  the  close  skein. 
The  nuclear  membrane  and  nneleoli  appear,  and  ultimately 
the  nuclei  resume  the  condition  iif  the  resting  stage.  Simul- 
taneous with  these  retnigrade  processes  In  the  nuclei,  division 
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"wmjili'lcly  fused  Ui  form  one  individual. ^| 
gution  ako  ttocurs  tlirouglioiit  the  grcute^J 
animal  am)  plant  kingdoms  in  conneutiiii^l 
diiction.  The  fusion  of  the  female  and  tS 
ovum  and  spermatozoon  in  animals,  the  « 
plants,  is  a  case  of  ojnjtigation,  although  h« 
are  somewhat  different  from  each  other.  ThB 
tion  isevidently  of  profound  gignitioance  in  I 
though  iKit  well  understood.  Even  in  the  I 
tioii  is  jK-rliaps  conucptwl  with  reproduction! 
Sexual  reprodaction :  Multicellular  iininml 
fnim  ii  fcuialc  and  a  male  cell,  which  coal 
single  cell,  the  Jwiwlaieil  oriim.  The  spj 
crvptognmous  plants  develop  are  likewise 
cells.  Pheuoganions  plants  are  develope<I  ii 
same  way ;  the  fully  ft>rnied  seeds  are,  how 
lar,  though  they  can  be  traced  back  to  a  single 
cell.  The  female  element  before  feeundatic 
ntntlr;  after  union  with  the  male  clement  itb 
The  male  elementts  in  animals  are  the  upei-m 
ering  plants,  the  ptdlifi. 

TIte  omle :  The  mammalian  ovule,  as  ful 
tlie  female  ovary,  is  a  comparatively  large  spl 
0.2  millimetre  in  diameter.  It  is  surround 
membranous  wall,  the  rItelUm-  vmiihranf.  '_ 
cell  cotisislfl  of  protoplasm  infiltnitcd  with  a 
minute  fat-glubules,  for  thc«irlv_ 
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tlie  malt;  element  it  undergoes  certain  changes,  called  matura- 
tion. The  nucleus  of  the  uvule  divides  and  gives  oB'  a  purtiun 
ui  its  subntanee,  wliicli  forms  a.  small  IhhIv,  the  polar  body, 
which  proceeds  to  the  surface  of  the  cell  ami  is  there  ex- 
truded. This  process  is  repeated,  a  nccond  polar  body  being 
given  olT  from  the  nucleus  and  expelled  from  the  cell  in  the 

Fio.  10. 


ring  OTum  of  pbfu  (fKBhwaUT  snulL)  (Koataneckl  and  Wlin^gkl).    . 
tbc  flnl  polftT  budy  citrudcd  rnim  tbc  uvule  and  dtvldlug  Into  two  ti 

■ly.    At  tbc  centre  of  thv  uvule  i>  the  malt  prunurleiu  with  tt>  cenlr 
Id  altrai'lloD-Bphere,  derived  from  Uie  ■perinatoioon. 


bcKly. 


same  way.  By  this  process  the  nucleus  is  "reduced,"  or 
divested  of  a  jwrtion  of  its  chromatin,  so  that  when  the  chro- 
matin of  the  spermatozoon,  also  reduced,  is  united  with  it  the 
number  of  chromosomes  normal  to  the  cells  of  the  species  is 
present.  The  portion  of  the  original  nucleus  now  remnining 
in  the  ovide  is  called  \\w  female  proiiuclnut. 

FeitUlzatioii  of  the  ovum:  The  ovule  is  not  cajvible  of  under- 
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going  furtiiertk'vplupmcnt  until  the  male  element,  ors(ierm-ceII, 
13  adaed  to  it.  This  process  is  called  the  fertilization,  impreg- 
nation, or  tlcLinilation  of  the  ovmn.  During  or  afUT  the  proc- 
easof  matiiivition  the  spermato/oon  finds  its  way  to  the  surface 
of  the  ovule,  jiasses  through  the  vitelline  membrane,  or  thnnigh 
a  small  opeiiiti<;  in  it  called  the  miWop^^f,  and  ent«>r8 the  proto- 
planm,  whirc  it  (iirnia  a  micleufl,  tlie  male  pronudrux (Vt^,  10). 
The  male  :iiiil  fi'inulc  pronuclei  then  coaleace,  or  at  leant  l)e- 
come  apposed,  smd  temporarily  disappear,  reap|H'aring  when 
the  cell  undciffCH's  division.  The  ovum  is  now  fully  formed 
and  capabli-  of  further  development.  It  is  a  typical  cell, 
endowed  |i<itcrHi;dly  with  all  the  attributes  of  vitality,  and 
contains  within  its  minute  <!om])ass  almost  inconceivable  pow- 
ers of  detiriite  and  intricate  expansion  and  evolution.  It 
might  seem  :il  first  view  that  the  latest  part  of  the  substance 
of  the  fertili/.i'i!  nvum  was  contributed  by  the  female  parent, 
while  the  cnntiilnit'in  of  the  male  was  comparatively  insig- 
nificant; liiit  (if  the  r''iil]y  vital  substance,  the  ehroniatin,  tiie 
male  element  furnishes  as  much  as  the  female,  and  hence  makes 
an  equal  impression  on  the  offspring.  To  explain  the  ina- 
bility of  the  unimpregnated  female  ovule  to  undergo  division, 
it  has  been  su^ested  that  it  has  no  centrosome,  and  that  this 
is  supplied  by  the  spermatozoon,  the  addition  of  which  there- 
fore supplies  all  the  conditions  necessary  for  division. 

Development  of  tlie  embrro :  The  further  development  of 
the  embryo  proceeds  by  mitotic  cell-division.  The  ovum 
divides  into  two  cells;  each  of  these  into  two  more,  and  so 
on.  Thus  a  mass  of  cells  is  formed,  constituting  the  blasto- 
derm. Soon  the  cells  of  the  blastoderm  develop  so  as  to 
form  two  layers,  the  outer  being  called  the  emblofi,  the  in- 
ner the  hypoblaM.  Later  another  layer  of  cells  appears 
between  these  two,  ami  is  called  the  me»obla8t.  Up  to  a  cer- 
tain point  the  cells  produced  bv  repeated  cleavage  are  similar 
to  one  another ;  but  aflerward  differences  of  form  and  purpose 
a|)|iear  in  difTerent  situations  according  to  the  oi^ns  and  tis- 
sues into  which  they  are  about  to  develop.  This  development 
of  cells  having  similar  origins  into  dissimilar  cells  is  the  proc- 
ess of  dijferenfintifm.  By  the  continued  production  and  dif- 
ferentiation of  the  cells  of  the  epiblast,  hypoblast,  and  meso- 
blast,  the  embryo  develops,  and  the  various  oi^ns  gradually 
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come  into  existence.     The  details  of  liiis  process  it 
province  of  the  science  of  embryulogy  to  consider. 

Well-detincd  tracts  of  the  adult  body  may  be  traced  back  to 
the  three  primary  blastodermic  layers,  and  the  dii^tinctions  of 
origin  thus  made  are  commonly  emphasized  as  of  importance. 
Without  entering  into  minutiie,  the  tissues  deriv(t<]  from  the 
primary  layers  are  in  general  as  follows : 

From  llic  epibluKt  are  derive*!  the  epithelium  of  the  epider- 
■uis ;  the  nerve-centres  and  axis-cylinders,  and  the  enamel  of 
the  teeth. 

From  the  hi/poblnsl  isderived  the  epithelium  of  the  mucous 
membranes  lining  the  alimentary  and  respiratory  tracts  and 
bladder,  and  of  the  glands  tributary  thereto. 

From  the  nwHoblnKt  are  derived  the  corinm  of  the  skin  and 
the  tuiiicn  propria  of  mucous  niemliranea ;  the  connective-tissue 
structures;  cartilage,  bone,  the  vascular  and  lymphatic  sys- 
tetns,  the  blood,  the  muscular  tissues,  the  repnxfuctive  organs, 
and  the  kidneys  and  ureters. 


CHAPTER    IV. 


Ctassea  of  tlsBttet  llnlar  clement^  i 

up  tissues  ;  tissues  full  knowledge  of  the 

different  varieties  I  to  mi  adeqUBtc  aiu! 

easy  understanding  orgtinn.     The  aini]i!e 

tissues  uf  the  humi  led  into  five  dasses : 

Epithelium  and  c 

Connective  tissue 

Muscle ; 

Nerve-tissue ; 

Free  ceils  and  body-fluids. 

Of  these  the  first  four  are  made  iip  of  fixed  elements;  the 
last  comprises  the  free  and  fluid  (xirts  of  the  organism.  These 
classes  are  sharjily  distin^ished  from  one  another  by  morpho- 
logical and  functional  characters  and  by  the  fact  that  each 
class,  in  geiienil,  is  deve1ope<l  from  and  in  turn  produces  its 
own  kind  of  cell  and  tissue  exclusively. 

Endotlielinin  and  Epithelium. 

Location :  The  cells  lining  the  exjxtsed  surfaces  of  the  body 
form  the  class  of  epithelium  and  endothelium. 

Those  lining  the  closed  interna!  cavities,  as  the  vessels  and 
serous  sac^,  and  derived  from  the  mesolitast,  are  called  endo- 
thelial  cells. 

Those  lining  tlio  "external"  surface  of  the  IkhIv  and  the 
chitnnels  and  tracts  continuous  with  it  (that  is,  those  lining  the 
skin,  mucous  membranes,  and  tributary  glands),  also  the 
closed  thyroid  and  other  ductles,<>  glands,  central  canal  of  the 
spinal  cord,  and  ventricles  of  the  brain,  are  called  epithelium. 

Epithelinm  consists  almost  entirely  of  cells,  there  being  only 
a  slight  amount  of  intercellular  substance  to  cement  them  to- 
gether.    It  is  derived  from  fhe  epiblast  and  hypoblast,  except 
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the  epithelium  of  the  kidaeys,  nretfirs,  and  sexuui  urgaim, 
which  is  mostly  of  niesoblastic  origin. 

lin  function  in,  over  large  ureus,  |trotective  ;  in  the  glands 
it  is  secretory  ;  id  siime  tracLs,  an  the  intestine,  it  is  not  only 
protective,  liut  Una  absorbent  Amotions;  while  ciliated  and 
other  epithelium  serve  special  purixises. 

Varieties  of  epittaeliom :  Epilhcli urn-cells  may  be  divided 
ioto  the  following  classes :  s(|iiamous,  columnar,  ciliated,  giil>- 
let,  glandular,  and  specialized  epithelium.  8omc  of  these, 
again,  are  divisible  into  mmplf  cpitheiiiim,  in  which  the  cells 
form  a  single  layer ;  and  Gratified,  in  which  they  are  arranged 
in  several  layers. 

Simple  aquamonB  epitheliam :  Squamous  epitlieliiim-cells  are 
large,  thin,  flat,  disc-shaped  cells,  each  with  a  large  discoid 
nucleus.  In  simple  tvjiiamous  epithelium  the  cells  form  hut 
a  ftiiigle  layer,  and  meet  wige  to  edge.  It  is  not  extensively 
distributed,  occurring  in  the  alveoli  of  the  lungs,  the  capsule 
of  the  Malpighian  liodies  of  the  kidney,  and  a  few  other  sitiia- 
tion^i.     Endothelium  is  very  similar  lo  it. 


lam      11  ileeprr  laycn 


In  stratifled   sqnamons   epithelium  the  ctlli  form  several 
Uvera  (Fig   11)      Th  se  on   the  s  irfjct    an    flatteneil   and 

SiummiR  o\erlappiit  me  anither  at  the  edere      The  cclla 
^e  lower  lasers  art  culwidul  or  spheroidal     they  Iwcomi 
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gradually  flattened  toward  tbe  »urfiuw,  and  xre  grmUtal  cf^\a 
whicli  ultimately  t-ecume  squaniuu^.  TkU  variety  is  of  exten- 
sive ili.~inbutK>ii,  fcf-iuii^  tlie  ejiideriuU  t>f  tbe  ^in  and  the 
epi^tlial  layer  "I'lbe  c»ajun4.-tiva,  mouih,  |janof  the  pharynx 
and  iarvii.x,  i£:K>phagus,  vagina,  and  portioni:  of  the  urethra. 

The  epithelium  lining  the  hiadflcr,  ureters,  and  pelvis  of 
the  kidneys  i:^  a  variety  of  stratified  s<|uaniou5  epithelium 
sometimes  called  tnamitioHat  eiiUfiflitim  {Vig.  12).  The  num- 
ber ol'  layers  of  cells  is  few,  formiDg  a  tron  of  intermediate 


Transitional  epithelium,  bladder  of  mooM  (Dogiel). 


or  transitional  variety  between  the  simple  and  stratified  types. 
The  lower  cells  become  quickly  changed  into  the  flattened 
surface  cells. 

Oolimmar  eplHielinm — ^non-ciliated:  Columnar  epithelium- 
cells  arc  elongated,  columnar,  or  prismatic  in  shape,  arranged 
on  a  basement- membrane  perpendicular  to  it,  with  one  end  di- 
rected outward.  Sometimes  they  are  shorter  and  more 
cuboidal. 

When  they  form  a  single  layer  they  constitute  simple  cot- 
uvivar  epithelium  (Fig.  13),  which  occurs  throughout  the 
stomach  and  intestine,  in  somegland-ducts,  covering  the  ovary, 
and  in  portions  of  the  male  urethra  and  seminal  tracts. 

Non-ciliated  atraiified  columnar  epithelium,  in  which  tbe  oella 


GLASIiVLAR  EPITHELIUM. 

are  in  scvcni!  laytrs  (the  ouler  only  being  wiliimnar),  occurs 
ill  the  oliaclurj-  nasal  menihrane  and  a  portion  of  iLc  vas 
deftrenri. 

Oolonuuir  epithelinm — ciliated  :  A  variety  of  epitbeliuio  in 


which  the  exmtsed  surfaces  or  ends  of  the  cells  are  covered 
with  cilia,  winch  in  life  are  in  characteristic  wave-like  niiition. 

Simp/r  cUuUeri  epitheVmm    oct^iirs  in    the  Fallopian    tubes, 
uterus,  centra!  canal  of  the  spinal  cord,  and  brain  ventricles. 

In  lirntified  cUiiitcii  ejiHlie/inm  (Fig.  14)  the  cells  form  seve- 
ral layers.    Only  thu^ie  of  the  outer  layer  are  columnar  and 
ciliated  ;    those  of  the   lower 
layers,  the  germinal  cells,  are  Pio-  H- 

rounded  or  pear-shaped,  be- 
low and  between  the  columnar 
cells,  into  which  ihey  nlti- 
nial«ly  develop.  This  variety 
covers  the  respiratory  tract, 
F^ui^tachiun  tulH^s.aml  epidiil- 

Ooblet  epitheliom-cells  (Vii:. 
13)  arc  large  elliptical  or  pyri- 
form  cells,  with  their  larger  (,,[,[,,,,  ^ 
ends  outwanl  and  tlieirnucici      fruniit»ciiLii.thowiiiKciiiiiry  w«ve. 
near  tlieir  buses.     They  occur 

scattered  among  columnar  ei)ithelium-cells.  Their  IwMlies 
bave  a  dear  unstained,  distcndwl  appearance,  being  tilled  with 
a  mucinous  suhstam-e  which  they  secrete  and  iliscliarge  on  the 
surfiice  of  the  nidcims  niemlirane. 

Ola&dnlar  epitheliom   i^   that   which   forms   the   secreting 


46  THK   TISSVES- 

portion  of  glaoda.  The  reils  are  in  groeral  Epberuidal  or 
polyiiodnil,  but  \'ary  ia  shape  in  JifTerent  liituatioaa. 

gpecudised  epith^na:  In  some  ^tuaiioiks  e|>itlM>iiuin-<Kll5 
become  niiiilitit->l  In  %-aHoui>  wsys  dillereut  fnxn  ihtue  ab»ve 
mentioned,  as  the  fiiifatnUed  efiU}i<iium  of  the  rcliiia  anil  else- 
wherv,  anti  th<;  rin-oallv^i  aatro-cpHiitiium  oocurnitg  in  certain 
sensor)'  organ^^,  the  retina,  ear,  tongue,  and  ulfactoty  mem- 
brane. 

Bndothellam :  The  eloaetl  iaiernal  cavities  of  tlie  body — 
the  va^iilar  i^hunnel^  i^rous  cavities  {a.4  the  pleura,  p^- 
toneuin,  and  ]>ericardiii(n),  synovial  membranes,  and  lymph- 
spaocs — are  lined  with  endothelium  (Fig.  15).  EDduthelium 


,xi*?^. 
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n  and  captlUry  (Engplmaan). 


in  distinguished  from  epithelium  mainly  in  lieing  of  meso- 
blastic  origin.  Morphologimliy  it  is  similar  to  simple 
fiqiiamous  epitlieliiim,  consisting  of  ii  single  layer  of  polygonal 
flat  nncleat<^^l  colls,  smiK>th  and  tiliiny,  which  meet  edge  to 
edge  by  oftentimes  sinuous  orserrateti  marjrins.  Hndothelium- 
cells  merge  into  the  flattene<l  type  of  connective-tissue  cells, 
with  which  they  are  genetically  related. 


i 


COSSECTIVK  TISSUE. 

Connective  Tissue. 

OonnectiTo  tissne  is  ilistributcd  everywhere  throughout  the 
IxmIv  l>eneath  the  outer  epithelial  layer.  It  forms  a  mip|iort- 
iiij:  anil  connecting  fnimework  for  the  parts  of  the  oi^nisni, 
and  to  this  end  it  envelops  and  penetrates  all  the  interior 
(irgan.a  and  structures.  It  in-rmeates  the  organism  so  com- 
pletely that  if  all  the  other  tissues  were  reniovwl  the  cmnec- 
tive-tiiisue  framework  would  still  form  a  complete  mould  of 
the  body  and  its  ot^ns.  It  originates  from  the  mesohlast, 
except  the  neuroglia  of  the  nerve-centres,  wliicli  is  epiblastic. 
Like  other  tiHsiies,  it  ifi  made  up  of  cells  and  non-cellular 
elements,  but  is  )>eculiar  in  that  the  non-cellular  |K)rlions 
largely  predominate,  as  naturally  follows  from  their  constitut- 
ing the  main  framework  of  the  body. 

The  eonii^ctlvr-timme  ctlU,  while  uiff'ering  in  various  situa- 
tions, have  a  fundamental  morphological  and  genetic  simi- 
larity. 

The  extracrlliilar  etniientu  serve  mechanical  purimscs,  and 
are  not  endowed  with  vitality ;  they  are  jirodnced  by  the 
wmnective-tis^e  cells.  The  most  B|tecialized  and  generally 
dtsrributed  of  the  extracellular  elements  are  certain  fibres, 
whieli  are  of  two  kinds,  trkite  Jihrri  and  yellow  c/««/ic  fihrvn. 
Other  intercellular  materials  are  an  inlcmiiiiiil  mucinous  or 
gelatinous  mfmtaiice  especially  found  in  young  connective 
tissues  (as  mucous  tissue),  the  matrix  of  hyaline  cartilage, 
and  the  mineral  mutter  in  Imne. 

OoimectiTe -tissue  cells  are  of  one  general  tvpc,  though 
varj'ing  much  in  different  situations.  The  forms  asso(i'ito<l 
with  fibrous  tissues  are  sometimes  called  "filirobU'ita" 
Connective-tissue  cells  are  sometimes  round  or  sphencal, 
small  and  prominently  nucleated :  such  cells  occur  onh  in 
young,  growing,  or  embnionul  forms  of  connective  tissues. 

The  vntfoiiit  ccH  is  another  form  of  young  or  embryonal 
«inne<*tive- tissue  wll ;  it  is  a  Hat  nucleated  cell  of  irregular 
stellate  shaiw,  with  its  pointed  pnwcsses,  three  or  four  in 
iiuml>er,  prnlnngcJ  into  fine  filaments  which  anastomose  with 
similar  prtx^sses  from  npighiioring  cells. 

In  some  situations,  esjteciaily  in  fibrous  tissues,  the  connec- 
tive-tissue ci'llw  an'  fii«iform  in  shape;  in  some  thi'v  nre 
vlflliilr ;  in  otiiers,  as  in  basement-membnines  and  the  cells 
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lining  retiform  tifisiie  and  lynipli-Bpaws,  they  nrvfiattmed  like 
endothelium,  with  whidi  tliey  ure  cloaely  related  ;  souetimeH 
they  are  lumtUiu;  as  in  tcndon-wllB ;  or  Uiey  may  ^  altogether 
irregylar. 

In   general,  ninnective-tissiic  cells  are  small  flattened  or 
elongated  <%lls,  with  prominetil  nuclei  and  relatively  small 


bodies,  and  ol^en  with 
adaptable  to  the  s 
times  tliey  are  pi 
oceiirring  in  th 
Some  connective- 
cells. 

Fai-ceils  arc  larj 
with   fat.       W(M 
forms  of  connect;- 
chiefly  in  their  epib 
Plaima-cells  occumu 
lar    tissne     rontain 
vacuoles  and  vary  in  form, 

Mast-cdU     are     large    cells 


they  are  polymoruluius  and 
they  are  plawid.  Some- 
1^  t-ti'ilalc  or  irn'gular, 
ater,  and  in  ainpliihia. 
lular,  an  prectirsiirs  of  fat- 

tivc-tiesne  cells  distended 
-<eli«,  and  bwie-irf(ii  arc 
ind   veiiioffliii-cel/e  diftV-r 


i 


twenty  to  thirty  micromillimetres  in  diameter,  containing 
coarse  ha  soph  lie  (y)  granules,  and  irregular  pale-Htaining 
nuclei ;  they  are  occasionally  found  in  areolar  tissue. 


MVCOUf!  TISSUE. 
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W'liuderinfi  cW/«,  cells  wliieli  arc  free  unci  capable  of  nioviiii; 
about  in  aroilar  tiiiaiie,  are  really  leiik^tcvtes  or  lymph-eelts, 
uixl  iH-loug  to  the  class  of  inx  cv\\&. 

Thp  white  fibres  consist  of  very  fine  eolnrlcss  Bbrillic 
cemente<l  tt^tlicr  in  coarser  filins  (Fiji-  !'>)■  flu'V  may  Iw 
arrangdi  in  an  interlacing  Dctwork  or  [iiinillil  in  luinilles,  and 
iiftcn  prt-aent  a  wavy  uiipearanw.  Tin'  tiiirii-i  ilo  not  branch. 
They  swell  anil  liowtnie  indistinct  wlitn  treated  witli  acetic 
ooid,  of^n  showing  constrictions.  They  yield  gelatin  un 
boiling.  They  are  cbamcterized  by  unyielding  strength,  and 
ocviir  ill  tendons,  ligaments,  etc.,  where  tenacity  and  tirraness 
are  re<imn?<l. 

The  rellow  elastic  fibres  (Fig.  17)  are  yellowish,  highly 
refr.ielive,  br-.iiiehiiij;  rtbnis,  fine  or  course,  forming  bundles  or 
membniiiotis  iiitirlacing  networks.  They  yield  elastin,  not 
gelatin,  and  slain  dilfercnlially  with  orcein.  When  diviileil,  the 
treed  ends  curl  up.  They  are  characterized  by  elasticity,  and 
are  widely  distributed,  occurring  in  es|K!ciaI  almndanei'  in  the 
ligamentum  nnchie  of  animals,  ligumcnta  subHava,  blixxl- 
vesaels,  and  in  yellow  clnBtic  cartilage. 

Two  theories  are  held  as  to  the  deTelopment  of  the  fibres, 
white  and  yellow :  one  is  that  they  ari'  |irodn<H'<t  by  n 
transformation  of  the  protoplasm  of  the  conneelive-tisf^ue 
cells ;  the  other,  probably  more  genendly  true,  is  Ihiit  they 
are  not  transformetl  colls,  but  develop  in  the  nnicidoiis  intcr- 
ccUidur  tiiatrix  by  a  sort  of  secretory  process,  under  the 
iij-eiK-y  of  the  cells. 

Variettos  of  connectiTe  tissues!  Aceonling  to  the  varying 
forms  and  pniportions  of  the  constituent  elements,  there  are 
many  varieties  of  connective  tissties,  merging  imperceptibly 
into  one  another  without  sharji  dividing  lines.  The  following 
best-marked  tyi>es  may  be  mentioned  ; 

Mucous  tissue ;  Tendons  ; 

Areolar  tissue;  Itetiform  tissue; 

White  fibrous  tissue ;  ( 'artilage ; 

Yellow  clastic  tissue  ;  Hone  ; 

Membranes ;  Dentine ; 

Adipose  tissue  ;  Neuroglia. 


tissue  (Fig.  IK)  < 


:ells,  flattone<i 
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etpllate  cells  willi  fine  niuistoinosing  processos,  forminp  an 
open  reticulum,  the  meshes  of  which  are  fillet!  witli  a  semi- 
fluid mucinous  iimtrix.  It  is  a  soft  gelatinous  tissue.  It  is 
an  embryonal  or  early  stage  of  connective  tissue,  becoming 
later  more  firm  hy  the  development  of  fibres  ui  the  intcrc*]- 
liilar  Bubstame.     It  occurs  in  the  umbilical  con!  and  other 


Yc  lIssuL'  (Bohm  and  DftTldoff). 


situations  in  the  early  embryo,  bnt  in  the  iidnlt  only  in  the 
vilreouH  body  of  the  eye  and  in  nuicon.s  tnmorsi. 

Areolar  tissue  (often  somewhat  ambignonwly  ojilletl  "  cellular 
tissue")  is  a  loose  network  of  white  and  yellow  fibres  con- 
taining connective-tissue  cells,  fat-eclls,  wandering  cells,  and 
blood  and  lymphatic  vessels  (Fig,  Ifl.)  The  open  spaces,  or 
arcolic  (whenee  the  name  of  the  tissue),  are  filled  with  lymph. 
It  is  a  loos*'  delicate  shining  tissue,  widely  distrihnted,  found 
especially  beneath  the  sliin  and  mncnns  membranes,  and 
enables  the  adjacent  j»arts  to  move  snniewlmt  upon  each  other. 
By   the   increase    of   one   or  another  constituent  it   passes 
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pratliially  ioto  fibrous,  adifxisc,  or  other  varieties  of  codiioc- 

WMte  fibrous  tisane  is  that  in  which  the  white  fibres  pre- 
dominate, furmiug  a  tuugh,  ilciiw,  inelastic  tis.sue.  Cimrieo- 
tive-tiHsue  cells,  tuHifiirm,  or  flat  and  clasping  the  Hbrotis 
fasciculi,  are  scattered  among  the  wavy  lihre.s,  more  numerous 


SabcuUneoni 
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.1  tlanue,  ttvm 
ouunecure-iiBiuc  e.'1li  iSchkfti 
f-,  natUned  uFll;/,  elODgatvd  c 


when  the  tisi^uc  ia  young',  less  □umerotiti  or  even  almost 
abxent  id  old  tissues.  It  is  widely  diAtriliiiIrd,  liiriiiiu};  tough 
fagciie,  a|>oncurusi's,  li^mcnls,  capsnleti  aiul  tralict'tiluj  uf 
oi^ns,  and  the  like. 

Tallow  elastic  tissne  i^  that  in  which  elastic  fibres  predomi- 
nate, a,-*  in  the  li^menla  subflava  and  bloixK  cssi'ls,  structures 
oliaracterir^  by  elasticity  and  reBlliiincy,  The  iigameiitum 
ntiohn  of  certain  animals  consists  mainly  of  coarse  [xtlygonal 
yellow  fibres,  with  a  few  Bcuttert^l  white  fibres  or  cells. 
Arteries  contain  much  elastic  tissue,  largely  in  the  form  of 
elastic  plates,  fibrous  networks,  or  (X'rfomted  nicmhranes. 

Hembnuea :    (_'onnectivc  tissue  often  forms  dutinct  viem- 


B  cartUags  (Fi^.  22)  occurs  in  the  nostal  cartilages, 
\  the  nrlirtihir  inils  of  bones,  the  nasal  carl ilagi lie <ib  iwptum. 
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the  lurgcr  cartilages  of  the  hir\-nx,  the  Iraehea  and  hroiichi, 
and  in  the  eaibrj'o  is  tlie  precursor  of  most  of  the  bones.  The 
cells  arc  prominent  and  roiindetl,  with  lai^  nuL-lei  and  dis- 
tinct capsules,  an<l  are  inibe<^U1cd  in  an  apparently  homogeneous, 
hyaline,  t<)Uph  matrix,  which  yields  cliondrin.  Instead  of 
being  really  homogeneous,  the  matrix  is  said  to  have  a  delicate 
fibrillar  8tnieture.  The  mcang  or  channels  by  which  nutrient 
fluids  can  penetrate  to  the  interior  of  hyaline  cartilage  for  its 
nutrition  are  not  known.  The  cartilage-cells  divide  iu  two 
within  the  capsule  of  the  |)arent-cell,  which  is  thus  as  it  were 
cast  off,  and  each  danghter-cell  then  acquires  a  new  capsule. 
By  the  repetition  of  this  pn«'ess  two  or  three  generations  of 
cells  may  sometimes  be  found  within  the  remains  of  the  cast- 
off  capsule  of  the  single  original  parent-cell.  The  capsules 
thus  cast  off  are  gmdiiallv  transfum3e<l  into  the  matrix,  which 
is  partly  developed  in  this  way.  The  ground-substance  near 
the  cells  stains  differently  from  that  more  remote.  Owing  to 
their  mode  of  division  the  colls  in  costal  cartilage  tend  to 
occur  in  giiiups  ;  in  articnlarcartilage  they  form  rows  perpen- 
dicular lo  the  surface. 

Some  of  the  cartilages  are  surroundetl  by  a  filjrnus  mem- 
brane, the  pericliondrium,  containing  fusiform  or  flattened  con- 
nectivG-tissue  cells.  The  lowermost  of  these  cells  take  on  the 
cliaract«re  of  cartilage-cells,  become  thicker  and  more  roundwi, 
and  the  e<lge  of  the  cartilage  shows  a  gradual  transition  from 
these  cells  to  the  typical  cartilage-cells  in  the  interior.  In 
this  manner  the  cartilage  is  produced  or  grows  from  the  lower 
layer  of  the  i>epicliondrium. 

Fin.  23. 


a  )ntr.'r>erteb»l  diait  tSubaruri 


White  fibro-cartilaKe  fFig.  23)  forms  the  intervertebral  discs 

and  other  cartilages  entering  into  liie  construction  of 
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joints.  It  consists  of  a  denHe  white  libruiis  matrix  in  which 
canilage-«?Ii.s  are  imbctldL-d.  According  to  tlie  Khumct^r  of 
the  cells,  it  cxiiibtts  all  gradations  Ut  unlinary  whitx;  libroiis 
tissue. 

Tellow  elAfitic  cartilage  (Fig.  24)  occurs  in  the  auricles, 
Eiistarhiiiii  tiiliew,  cpigliiiiii*,  jiortious  of  the  arytenoid  carti- 
lages, and  the  small  ciirtilagiiious  bodies  near  the  latter.     It 


is  cliarafrteriz»l  by  elasticity  and  resiliency.  It«  matrix 
mainly  consists  of  a  network  {)f  elastic  Jibrefl  the  meshes  of 
which  contain  the  cartilage- eel  Is. 

Cellnlar  cartilage  is  a  primitive  form  of  (rartilage,  and  con- 
sists of  cartilage-H^lls  cemented  ti^ther  in  a  dcn.se  cellular 
mass  with  scarcely  nny  intercclluliir  malrix.  It  iH'cnrs  in 
man  finly  at  an  emliryonic  period,  making  up  the  primltiee 
,-  it  is  found  in  the  carof  mice  and  some  otheranimala. 
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Bone  (Fiy-  -o)  is  another  ^^peciallw*!  form  of  omniH^tive 
tissue,  made  up  of  bone-celis  or  I'orpusclcs  ami  an  inleriwllular 
matrix  impre^aated  witli  calcarifuiis  »Llt»%  It  iwcurg  in  two 
forms,  eontfiuctf  mukiiig  up  the  greiitcr  part  of  long  bones  and 
the  out«r  part  of  all  bnucti,  dense  itiid  solid  ;  und  amceUotu,  in 
the  endH  and  lining  tiie  medullar}-  ninul  of  long  bonce  and  in 
the  interior  of  all  other  Imnes  ;  it  is  IixMe  and  npongy,  ojn^istiog 
of  eiHicet;  (<ancclli)  neparHlecl  by  thin  osseous  wallt«. 

The  matter iat  of  whiirh  bone  it)  composed  in  divisible  into 
two  kiudt;,  oi^iiic-  und  niim-ral.  By  burning,  the  organic 
portion   is  destroyed,  leaving  the  mineral  portion  ;  wliilu  on 

Fifl.  2ft. 
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treatment  with  acid  the  mineral  matter  is  removed,  or  the 
bone  \s  "  decali'ified,"  the  org-.mic  material  remaining  as  a 
tongh  flexible  substance. 

Tlio  bone-cellB  are  niixlified  connective-tissue  cells,  of  a 
fliitlened  »ha|H>,  with  iinmerons  fine  pmcepscs  projecting  from 
them  in  all  direolionw.  The  bodies  of  the  cells  occupy  the 
spaces  calkni  the  lacinitr,  while  the  processes  occupy  the 
canaliculi. 

The  matrix  consists  of  dense  fibrous  organic  matter  (such  as 
appears  in  decalcified  bone)  impregnated  with  calcan-oiis  salts. 
It  is  arranged  in  .series  of  concentric  liimelUr,  which  form  four 


BOX  E-if  ARROW. 

kinds  of  systems — Haversian,  peripheral,  pcri-mefliillurv,  and 
inltfr  mediate. 

A  Marfrman  sj/finn  consists  of  a  series  of  concentric 
laniellie  surrounding  a  Hitverman  cannl,  a  smalt  round  canal 
containing  blood-  aud  lymphatic-vei^HelRand  marrow,  running 
generally  lengthwise  the  none,  and  communicating  and  con- 
linuouf^  witli  the  interior  marrow- cavity.  Between  the 
adjacent  lamellie  at  short  intervals  are  siraces  called  lannio; 
o(%-lipiMl  by  the  bone-eells;  connecting  the  laeuna  are  numer- 
ous minute  passages  cjillcd  canalintli,  occupied  by  the  processes 
of  the  cells,  The  canuliculi  alTunl  communication  Ibr  the 
passngc  of  nutrient  fluids  fnim  the  Haversian  canals  through- 
out the  adjaetml  lamellie. 

The  peripheral  or  nniimftrmlitil  lamflla:  are  a  series  of 
subperiosteal  lamella-,  similar  to  the  Haversian  lamellie, 
surrounding  the  entire  bone.  In  places  there  are  fibres 
piercing  the  [>eripheral  liimellu;  at  right  angles — per/orativtf 
fihre»,  arfihre*  of  Sharpey, 

The  peri-mttliiflarg  himeUo'  are  a  similar  series  surrounding 
tlie  niamiw-cavi^. 

The  intmneiiiiitf  or  inlerstUial  hmt-llct  are  scattered  irreg- 
ularly about  in  the  bone  substance,  and  are  the  remains  of  old 
systcnifi  that  in  the  course  of  the  growth  of  the  hone  have 
been  |HirtialIy  removed. 

The  pericntetun,  the  covering  membrane  of  bone,  is  com- 
po^  of  two  layers;  an  ouUr  Jirm  fibrous  protective  layer; 
and  an  inner  loose  layer  well  tiupplied  with  blonl  and  conncc- 
tive-lii^ue  cells  (or  osleoblasls),  which  has  imixirtant  functions 
in  the  growth  of  bone  and  is  hence  udled  the  osteof/enctie 
luyn: 

Bone-mUTOW :  The  cavities  in  bone — the  i-ancelli  of  spongy 
iionc,  the  medullar;'  or  marrow -cavities  of  long  Iwncs,  and 
the  Haversian  <.'anals — contain  a  soft  vascular  tissue,  the 
murrmr,  which  is  of  two  kinds,  red  and  yellow. 

}tti(  marrow  occurs  in  canci-lloiis  bone  in  the  adult,  in  all 
biinc  in  the  young.  It  consists  of  delicate  connective  tissue, 
%  rich  vascular  network  including  large  venous  sinuses, 
quantities  of  cells  railed  marrow-cells,  and  fat-trells.  The 
marrov-celU  are  of  several  kinds,  chief  among  which  are  :  (ii) 
plastic   ronnde«l   connective-tissue  cells,   many   of  which  in 
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growing  bone  l)eponie  ostcoliinsts  and  aid  iti  bonc-formation  ; 
(6)  large  ]rii]lli]iiie]eule<l  giuut  wlls,  ur  utifi-lofiliLrej!,  wliic^li  are 
probably  nstLuclasIa  and  efl'ect  bone- absorption  ;  (c)  m-yUtfo- 
bloMit,  free  nucleated  colls,  colored  by  and  eiiiitainiiig  liEemo- 
globin,  pnibuljly  conneeted  with  tiie  development  of  rvtX  blood- 
corpiisclciri ;  and  {<!)  eells  eontiiining  oxypliile  granules),  re- 


sembling the 
other  colU  ix'^emb 
blo<«i  ill  oertiiiii  abn 
ocyf#s. 

Vcllow    iiKirrow 
bones  and  larger  c8 
marrow,  except  tlia 
marrow-cclla  diatenaeu 
and  straw  ciilor. 

The  /uii'-linii  of  marrow  is  ] 
partly  to  foj-m  red  blood-oorpi 


les  of  normal  blond ; 
es  wliich  ap|)eur  in  the 
and  otiier  forms  of  leuk- 

dnllury  eavitics  of  long 
It.  It  is  HUnilar  Ui  red 
(jiiuntities  of  fat^-cells,  or 
hieb  it  owes  its  oilineaa 

to  form  bone-aubstonce, 
Genetinallv  the  marrow 


IS   a   I 
layer. 


tiiiiuition    or  ofl'slioot  of  the  ostengenetie   [jeriosfcal 

Tlie  development  of  bone  takes  place  by  two  metho<]s,  carti- 
laginous and  membranous. 

Cartilagiuons  bone -formation  (P'tg.  26) :  Most  of  the  bones, 
especially  the  long  bones,  are  in  the  embryo  first  formed  of 
hyaline  cartilage.  The  conversion  of  this  cartilage  into  bone 
ctmslitntes  the  Ciirtilaginons  method  of  bone-fonnation.  In 
these  embryonic  c^irtilages  bone-formation  l)egins  at  definite 
points,  tiie  "ct^nlix's  of  ossification."  The  cartilage-cells 
enlai^  and  proliferate  abundantly,  and  arrange  themselves  in 
longitudinal  rows,  with  septa  between  the  rows  composed  of 
the  hyaline  matrix.  The  longitudinal  s]taccs  inclosed  by  these 
septa  and  filled  with  cartilage-e«lls  are  called  the  primary 
nrenlrr.  These  septa  soon  l>ee<)me  calcified  by  the  deposition 
in  tliem  of  lime  wdts.  Fnmi  the  t>ste(^netic  layer  of  the 
periostemu  loojis  of  bloodvessels  then  grow  into  the  cartilage, 
Hceoni|i;uiieil  by  eon  acctive- tissue  ci'lls,  and  by  large  multi- 
niicleateil  cells  nilled  oMeix-Jottx,  which  have  the  ]»ower  of 
absorbing  the  cartilage  and  boiic-snbstance  and  thus  open 
passages  and  sjKiees.  The  cartilage-cells  filling  the  primary 
areolic  disa)»pcar,  and  communications  an;  nuide  Iwlwecn  the 
areolte  by  perforations  tiirongli  their  calcified  walls,  though 


MEMBRANOUS  BOSE-FORMATIU> 

these  walls  are  only  jiartially  absorlxHl.  The  larger  spaces 
tlias  formed  are  termeil  secuwhiiy  airola:.  Oinuective-t issue 
ccWs  now  de[K>sit  themselvefi  on  the  calcified  vails  of  the 
seeondar^'  areola)  and  become  o«lcoblaatii,  or  Iwiie-fonners. 
They  seeretc  a  layer  of  boDy 


^  ^v^'^^^'x; 


I 


siibf^laoce,  in  which  they  and 
their  iimeesses  l>eeorne  buried  ; 
thev  thus  beeonie  bonc-eells, 
in  laennie,  with  their  pnx^ 
esMes  in  eanaliruli.  When 
one  layer  of  Ixme  is  thus  de- 
posited, other  osli'oblasts  be- 
e()me  fixed  on  the  new  sur- 
face and  form  another  layer. 
'I'hirt  process  proceeds  from 
the  |>eriphery  of  the  spaeea 
inwanl,  until  only  a  small 
passage  in  lift,  the  Haversian 
canal,  the  surrounding  lamellse 
eonstitnting  a  Haversian  sys- 
tem. The  formation  of  bone 
proceeds  in  thi»  manner  away 
from  the  centres  of  ossification; 
henoe  there  are  layers  of  grow- 
ing cartilage  intervening  l)c- 
tween  the  different  ossifying 
areas,  as  Wtwecn  the  slmfl 
and  the  epii)hyses  of  long 
boiteit.  Not  until  the  bone  j 
attains  its  full  growtli  are 
these  intervening  eartUagi- 
notiB  |iortion«  fully  convertetl  into  linne.  The  bone  formed 
by  the  cartilaginous  methwl  is  tfnijKirary,  being  subseijuently 
removed  and  renewed  bv  the  nienibniiions  method ;  while 
the  interior  of  long  bones  becomes  excavated  to  form  the 
marn>w  rvivllics, 

HembranouB  bone-fonnatioii :  Some  of  the  bones,  as  the  flat 
Ikiuc^  of  tlic  skull,  are  preewled  in  the  embryo  by  white 
fibrous  nicmhrants^.  The  conversion  of  these  into  bony  tissue 
(intranieiu  bra  nous  boue-formation)  and  the  formation  of  bone 
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by  the  (wteogoiiellc  layer  of  the  priosleuin  (mihp(>riflittoul  Imne- 
forniutiun),  wlik-li  are  aiibwtaiitially  identical  pmewisi*,  cuu- 
stitute  the  lUL-tnbmnoua  metlicKl  of  boiie-foriuatioii.  All  [>er- 
timnetit  honu  U  furmcd  in  tliia  way.  Tlie  process  tx-gintt  with 
i\  depositiou  lA'  iisaeoue  matter  upon  some  of  the  fibreti,  a  por- 
lioii  of  the  coiinc-ciive-tissue  cella  aHsiimiDg  the  fuiiotiiin  of 
ostoobiasts,  A  bony  reticulum  ifl  thus  formed,  in  the  meshes 
of  which  bime-formation  ifi  oontinnetl  by  the  osteoblastB. 
Along  wilh  the  fbrnuition  of  Iwiie,  absorption,  replacement, 
and  remodelling  of  tha  \wne  constantly  g>i  on.  OHtcocla»^tH 
t'xcavate  si>flcea  in  the  bone  previously  laid  down,  In  which 
n<!W  Haversian  syetems  are  formc<l.  The  i-emaina  of  old 
Iluversian  and  peripheric  latnellie  thus  partially  destmycd 
constitute  the  interstitiul  lamellie.  The  spaces  occupied  by 
osteoclasta  are  cnllcd  Ilmeship'n  laamct.  In  the  boues  which 
devel(i]>  from  int'nibranc  a  membranous  portion  jxtbisIk  uml 
coiiliniiis  to  griiw  bctwei'U  the  ossifying  ana^  or  at  th« 
niiirgiii:.,  until  tlir  lionca  attain  their  full  growth,  when  they 
arc  completely  o^-ifieJ. 

Muscle. 


^h    tropi 


STRIATED    OR  STRIPED   MUSCLE. 

nn branched, but  in  occasional  mtuationa  they  branch  and  aniiHta- 
moBT,    Each  coll  has  many  oval  ouclei,  arranged  with  their  lung 
axis  hingitudinat  to  the  cell,  situated  in  mammals  just  undt-r- 
neath  the  sarcolemma.     The  body  of 
the  cell  under  moderate  magniHcation  Fm.  17. 

exhibits  characteristic  transverse  striie 
or  stripes,  consisting  of  delicate  alter- 
nately dark  and  light  lines. 

The  fibres  are  arranged  parallel  to 
one  another,  with  overlapping  ends,       Poniuiiyi  MnuioaiuuBiif 
They  are  grouped  in  bundlei  or  faa- 

riculi,  all  of  which  bonnd  together  in  fibrous  sustentacular 
tiitsue  make  up  an  entire  muscle.  The  connective  tissue 
surrounding  and  enclosing  the  entire  muscle  is  called  the  epi- 
mi/nian;  that  enveloping  the  separate  fasciculi  is  calleit  the 
prrimysium ;  while  the  delicate  and  scanty  connective  tissue 
within  the  fa.sciculi  among  the  individual  muscle-cells  is  the 
endomysium. 

The  sarcolemma  of  each  fibre  is  connected  with  the  endo- 
mysial  tissue,  and  through  this  with  the  tendon.  Thus  each 
cell  when  it  contracts  exerts  more  or  less  direct  traction  on 
the  tendon.  The  muscle-fibres  are  richly  supplied  with  blood 
by  a  capillars-  network  in  the  eudoniysium.  On  the  surface 
of  each  fibre  is  a  flattened  nerve-terminal. 

The  minute  slmchire  of  dnated  muacle  is  verj-  difficult  to 
make  out  and  has  not  been  satisfactorily  determined,  and 
authorities  arc  not  agreed  in  their  interpretations  of  the  ap- 
pearances presented. 

The  appearance  of  cross-striation  is  produced  by  alternating 
dark  and  light  discs  or  segments  In  the  substance  of  the 
muscle-cells.  Qy  treatment  with  weak  acids  these  segments 
can  be  separated  from  one  another  in  the  form  of  Inuinrerse 
di»eg.  The  individual  fibres  also  exhibit  a  longitudinal  striation 
85  well  as  transverse,  and  by  treatment  with  alcohol  and  teas- 
ing can  be  broken  up  into  fine  tonf/iludmal  fibrUftp ;  these 
fibrillie  are  arranged  in  bundles,  culled  fifUh  of  fohrihehn. 
TIic  protoplasm  of  the  muscle-cell  is  made  up  of  two  piirts, 
a  dfirk  mrcouK  mihidance  ("anisotropic,"  or  doubly  refracting) 
■nd  a  colorless,  hyaline,  pn)bably  semifluid  substance  ("iso- 
tropic," or  singly   refractmg),  sometimes   called   tarcojtlfum. 
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These  two  siib'^taneea  make  up  the  dark  and  licht  pwrti'ini^ 
respectivelv,  of  volimtary  miiBole.  On  olose  examination  Uie 
light  or  clear  tranevenie  segments  arc  found  to  lie  dividctl 
into  two  disdB  by  h  dcHcittc  trunsvenw  lint',  by  some  consid- 
ered to  be  a  definite  niembRinc  and  called  tlip  viniArtinc  nf 
Krauxe,  and  by  others  rcgiinUil  as  a  row  of  miniitt'  gniuulcs, 
called  Dobif'n  gnartules. 

The   transverse   discs   st'imrated    by    the   "  membrane   of 

Krause"  are  ealled  narwiui  f/i«w  or  comparttneiilji ;   each  in 

coinjxtaed  of  a  dark  segment  with 

Pkj.  'iH  littlf  of  the  adjacent  light  segment 

g;^^  on  each  side.     The  dark  portioii  of 

^^f^jj^  '"'^  i*at.'h    sarcoiis    disc,   again)   is   not 

C"^t       /  P^^*^  honjogeneoua,  but   is   made  up  of 

Vj',  ^  minut*  dark   longitudinal  rods,  or 

'^     aarcowt  elementt<,  flcpantted  by  tli« 

_^     light  substance,  or  tttrcoplaSRi.   Tlttt 

^      sarcoii''  elements  of  adjacent  discs 

corn'sj)(jinl  to  one  another  and  with 

the  intervening  granules  of  Dobie, 

so  a'*  to  form  the  continuous  Ion- 

iritudinal    librilUe.      The    annear- 


Strlsted   muscle  (■■ 


INVOLUNTARY  OR  NOS-STRIArKD  MUSCLE. 

I  out  sperial  preparation  of  the  specimen.  Ivaterally  the  cells 
are  imt  closely  crowded,  but  are  soparat«<l 
by  slight  intervals  filled  with  delicate  con-  !■''<*■  '■^^■ 
IMN^ivc  tissue  and  vascular  channels.  The 
cells  liave  no  Reparable  sarculenima.  Each 
c«)l  has  a  single  nucleus,  situated  in  the 
centre  of  its  protoplasm.  The  cells  are 
somewhat  striated  both  longitudinally  and 
transversely. 

Involnntaiy  or  non-striated  muscle  (Fig.  30) 
is  widely  distribnteil  tlironghi.iit  the  viscera, 
lieing  found  in  especial  abiuiilanee  in  the 
alimentary  canal,  bloudvessels,  bladder,  and 
uterus.  lt»  movements  are  not  under  the 
control  of  the  will,  but  are  of  an  aiitoniiuic 
nature  and  are  more  slow  and  continuou,- 
than  those  of  the  voluntary  muscles. 

luvoluntarj',  non-striped,  or  smooth  mus- 


CktdUc    muirlc    tDniihatn).    n.  iiucleni; 

'<;eil»;  r.  oreolar   or  "  Inu-raimiil'" 
e  betwwD  Ihe  cells: /,cii|illlmi7. 


■ented    suincIenU} 


I  cle-cells  are  slender  and  fusiform  in  shape,  eiich  with  a  single 
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characterisli(i  elon^tcd  or  nxi  slmpwl  niiclciis  in  its  centre. 
The  cells  have  a  jiamllet  ami  *>vcrlap]iing  iirraiifrcnie»t,  \w\i\ 
t<^tlier  by  u  ^icantj'  ceraent-subwtancc,  and  form  sheets,  rings, 
or  tubes  of  i[ius<'le,  Imlisrinct  lungitudinal  and  transverse 
markings  are  sometimes  observed,  the  latter  being  probably 
folds  in  the  [■eil-wall.'i.  The  colls  liave  an  envelope  but  no 
separable  sarcol em  "  '      ities  rlescrilw  involuntary 

muscle-cells  a.s  Im  riHgi'H,  or  "intorw'Jlnliir 

bridges,"  on  (heir  ile  with  tiie  ridges  of  the 

adjacent  cells. 


The  elements  of  the  nci 
cells,  called  neurons,  wliici. 
divided  into    nervo-cells,  ne 
Their    description    will  bo  i 
system  in  geut-'raJ. 


tiires  are  greatly  extended 
licul  convenience  may  be 
?a,  and  mTve-terminaU. 
to  that  of  the    nervou;^ 


Free  Cells  and  Body-fluids. 

The  tissues  considered  hitherto  are  all  fixed.  The  present 
class  is  a  somewhat  miscellaneons  assemblage  of  those  body- 
elements  that  are  not  fixeil,  but  free  or  fluid. 

They  may  be  grouped  as  follows :  1.  Unattached  cells,  free 
in  the  solid  tissues.  2.  CfUular  fluids — that  is,  fluids  in 
which  free  living  cell.s  are  susjx'nded,  as  the  blood.  3.  Simple 
homogeneous  fluids,  mainly  secretions.     4.  Emulsions. 

The  &ee  cells,  situated  for  the  mast  part  in  the  solid  tissues, 
but  not  attached  to  them,  arc  repn-sented  mainly  by  the 
wandering  cells,  the  lymphoid  cells  of  lymphoid  tissue,  and 
ova.  The  so-calletl  wnnderinrj  celh  an.'  leukocytes  or  lymph- 
corpuscles  which  have  escaped  from  the  bloodvessels  or 
lymphatic  .structures  and  exist  free  and  migratory,  especially 
among  the  meshes  of  the  opener  or  areolar  forms  of  connec- 
tive tissue.  The  small  spheri(ail  lymphoid  cells,  with  lai^ 
prominent  nuclei,  which  occur  crowded  in  the  meshes  of 
retiform  or  lymphoid  tissue,  are  very  simitar  to  and  closely 
related  to  the  corpuscles  of  lymph.  Souic  of  the  cellular 
elements  of  bone-marrow  might  also  perhaps  l)o  included  in 
this  group.     The  ova  of  the  lower  animals  are  free  cells ;  and 


SIMPLE  OR  HOMOGENOUS  FI.IUDS. 

in  ni.-ininials  tlicv  are  fi-eo  from  tlieir  departure  from  the  ovary 
until  (Ix-ir  atiuiliinent  to  lliv  lUenis,  ana  even  allerwnrd  they 
are  in  a  >*nc*  inde|)emient. 

Tlie  ccllnUr  flnids  of  tlic  Ixwiy  are  the  )>looil,  lymph,  and 
Bomcn.  They  consist  of  a»-tively  vital  cells  free  in  a  fluid 
matrix.  They  can  Ix-  rt'gattied  as  li<|iiid  tissues  anak^iiti  in 
all  n?sipet'ts  to  the  solid  tissiiG^,  bein^  conijwstKj  of  cells  ami 
an  abundant  intercelliilur  siihstanee,  which  in  tJiiscase  is  fluid. 
The  latter  difTcrs  from  the  matrix  of  the  solid  tissues,  how- 
ever, in  that  it  is  not  produeed  by  the  vital  activities  of  the 
cells  sii!:^pen<]eil  in  it. 

The  Wf««/  (roiisists  of  cells  or  corpuscles  of  three  kinds,  red 
corpuscles,  white  corpuscles  or  leukiwytes  (of  which  there  are 
'  sevvral  varieties),  and  blood- platen. 

Lffmjth  Ronsists  of  a  fluid  portion,  or  serum,  containing 
lymph-airp uncles,  wluoh  are  similar  to  or  identical  with  some 
forms  of  leukocytes.  Ix-ukocytes  and  lymph-wirpu soles  often 
find  their  way  into  the  fixed  liii.-^ues  or  on  mucous  surfaces. 

Sniirii  l^  a.  thick  i))):ii|ik'  fluid  containing  large  numbers  of 
apemiatozoH,  togeihir  with  some  loosened  cells  and  granules. 

The  Bimple  or  homogeneous  flnids  arc  mainly  the  secretions  of 
the  various  glands,  consisting  usually  of  clcur,  transparent  solu- 
tii>ns  without  any  proiwr  cellular  or  formed  elements.  Under 
the  microsco|ic  they  exhibit  no  structural  features,  and  the 
study  of  their  composition  is  a  matter  for  chemical  or  micro- 
clicmiiul  methods.  Among  them  may  be  mentioned  the  urtne, 
perspiration,  saliva,  bile,  gastric  juice,  etc. ;  also  the  fluids 
moistening  the  raucous  surfaces,  of  which  mucus  is  a  promi- 
nent omstituent. 

Although  these  fluids  contain  no  cellular  elements  as  projier 
or  esM-nttal  ingredients,  yet  they  sometimes,  notably  the  saliva 
and  urine,  contain  a  few  adventitious  ecUn  <lepived  from  llic 
nmoous  membrane  lining  the  surface  of  the  cavities  where 
they  occur.  The  chief  cells  thus  fiiund  an?  leukocytes  or 
Ivmph-cells  (as  the  "  silivary  wirpusclcs  ")  which  have  worked 
tlieir  way  timnigh  the  mucous  membrane  lo  the  surface;  al.-ui 
t  ordinary  epithelium-cells  cast  ofl'  from  the  epitholiid  cijverinsx ; 
Laad  "mucous  corpuscles."  or  "mmiHVtes,"  voung  ^crmiiial 
r«.ithel!um-cells  from  the  Iow.t  <.pithH*i;d  hurrs  (es|«.ei;illv  in 
f  the  bladder)  which  have  grown   ni|iidly  and  Ik-cii  thrown  off' 
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premahirely  as  free  spherical  corpuscles.  usHolly  larger  than 
leukocyit's.                                                                                             I 
Emnlsioas :  ^f ilk  and  chyle  are  emulsions,  us  nrc  si\m)  the        1 

yolk  of  t)ir'l>'  eggs  and  the  miiky  juice  of  certain  plants.    By        . 

means  <.<f  (vriniti  snlislances,  as  albumin,  oil  may  be  cnuscti  to       1 

form  a  permanent  mixture,  or  emnkion,  with  Mater.     The  oil        | 

forms  niinule  sphemlw""-  ornnulfvi 

"nveluped  in  a  viscid  »<ub- 

stance,  v-liich  can." 

lieirsliape,  and  RUspeD<led 

in  the  watery  veh; 

vie  contain  laree  mtmbers 
r}'  minute   and   are   sus- 

of  such   fnt-granu, 

pended   in  an  abu 

Hiiid.     Their  opacity  and 
of  the  rays  of  liglit  from 

whitenew  are  tine 

the  graniihs.     In  &       cim 
mucTi  (xiarwr  and  inc  pmi,. 

B  the  spherules  of  fat  are 

f  water  that  can  lie  intm- 

duced  far  lis:!  than  is  the  cose  v 

liet«  natural  emulsions.          . 

CHAPTER    V. 
GLANDS;  MUCOUS  AND  8KR0US   MEMBRANRS;  nROANS. 

Beforr  beginning  tlic  consideration  of'tlie  org-.ins  and  sys- 
tems in  detail,  it  will  Iw  convenient  ti>  wmsidcr  briefly:  (1) 
rertsin  compoijite  strunure^^  of  wide  distribution,  nuuiely, 
g^landH,  mucous  mem  lira  ties,  und  serous  membranes;  und  {2) 
orgaas  in  general. 

QlandB  are  of  two  entirelv  distinct  tv[K;i? :  (")  lympiioid  and 
blo.-l-glands ;  and  {h)  sccielory  or  (-[.itluliid  glanilH. 

The  iTmplioid  glands,  as  tlic  ]yr]i|ili;ilic  glands,  lliymiis, 
tHnsils.  anil  lymjtlioid  tissue  gener.iUy,  consist  of  an  ii\u:\i  net- 
work of  retifiirm  tissue  the  meslics  of  wliieli  arc  filled  with 
iympli-corpnscles  and  lymph.  The  lyniph-streara  passert 
directly  thmugh  them.  They  have  no  proper  secretion, 
posMiSs  no  outlet-ducts,  and  communicate  only  with  lymphatic 
vesfleU.  Their  function  is  not  completely  understofHi,  but 
I  they  partly  serve  to  develop  mmw  of  ihc  wirpuscular  elements 
of  the  blootl  and  lymph,  and  piirtly  to  arrest  noxious  sub- 
stances in  the  circulaiitm. 

The  blood-gUnds,  as  the  spleen,  l>ear  the  same  relation  to  the 
bloo<l-<!tream  that  (lie  lymphoid  glands  do  to  tlie  lymph- 
stream.  In  general  slructure  they  resemble  the  lymphoid 
'   glands. 

The  BMretorr  glands  remove  or  secrete  from  the  IiIikmI 
various  siibst-inces  and  fluids  needed  for  sncctiil  puqiows. 
The  active  agent  in  this  process  is  the  plamlular  epithelium, 
which  forms  a  layer  3upporte<I  on  a  iiiisement-meinbrnne ; 
beneath  and  in  close  relation  with  the  epithelinm  is  a  rich 
capillary  bloo<l  supply  ;  on  the  free  surface  of  the  epithelinm 
is  an  open  space  or  cavity  in  which  the  p«ereted  pnxluet  col- 
lects and  is  carried  away.  Such  is  the  general  stnietiire  of 
all  secretory  glands:  a  sac  of  epithelinm  with  blood-siiiiply 
nn  the  outside  and  a  collecting  cavity  inside.     The  epithelium 
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of  the  secreling  portion  of  glands  is  iisnallv  iliffcrcnt   from 
that  uf  thi-  (liidta. 

Secretory  glanils  are  of  two  kifulit ;  clowwi  or  diicllt'ns  gliUKls ; 
and  the  onliimry  open  glands  with  ducta. 


The  secretory  duelirtiii  tffiiuih 
adrenals,  pituitary  body,  nnil  pii 
mitletsnor  ditct^,       '' 
elsewhere  exwpt 
luliitiuii.     The   1 


the  th 

ill  h   ' 


roid,  piriilliyruids, 
■,  Tiify  have  no 
are  nut  distrliai^^i 
(t  the  bluwl  cir  lym[>h  cir- 
Uglands  are  also  "duct- 


\-  variety,  as  the  I<idneT, 
Ict-Uuotfi  through  which 


The  u,.n.  :,/.im 
salivary  glands, 
their  secretions  oi 

In  addition   to  mese  st  idles,  certain  endotJiclial 

struoturen   may  be  mentiom  urso^,  synoviiil  sues,  etc., 

which   ciiiitaiii   glairy   lubriu  fluids   prwhict-d    by   the 

en<l(iihc!inMi  also  by  a  true  Bi^creu-.j  j>n)tsiss. 

Internal  &nd  external  secretions  :  The  jmrjmsc  luid  iiieehan> 
ism  uf  the  ductless  glands,  closed  as  they  are,  have  U>ng  been 
obscure,  but  recent  theories  aiford  some  explanation  of  the 
subject.  According  to  these  theories,  the  secretions  elaborated 
by  glands  are  of  two  kinds,  internal  and  external. 

The  external  fii-irtions  arc  those  of  the  ordinary  kind,  dis- 
elmt^d  thningh  the  ducts  of  the  glands  and  conveyed  to  the 

fihicf^s  where  their  functions  are  carried  out,  as  the  tears,  the 
lile;  their  action  is  easily  coinprehensil)le. 

The  infernal  necretion,  however,  is  not  discharged  by  gland- 
ducts,  but  is  absorbed  into  the  circulation  and  there  serves 
Iturpnses  UR?ful  in  the  animal  economy.  This  is  the  only 
;iiid  of  sccretor)'  activity  which  the  ductless  glands  manifest. 
The  secretion  of  the  thyniid,  for  instance,  when  in  the  blood, 
increases  oxidation,  promoting  metabolism,  and  increasing  the 
nipidity  of  cell-life  ;  stimulates  cerebral  activity,  makes  the 
he-art  action  more  rapid,  causes  palpitation,  and  dilates  the 
bloodvessels.  That  of  the  suprarcnals  is  a  |>owerfuI  vaso- 
motor constrictor  and  probably  serves  to  maintain  vascular 
tone. 

The  cfFccts  of  these  internal  secretions  an-  most  marke<Ily 
manifested  wlien  tliey  are  absent  fiiiin  the  IiIoihI,  as  when  the 
glands  protlucing  them  are  removed  or  im|kaircd  by  disease; 
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thus,  removal  or  impaimient  of  the  thyn>i<l  miiscs  nivKutlcaia  ; 
of  the  Hunrurcnab,  Aildisdo'ii  disvanf^ ;  of  thu  pittiilary  btidy, 
atrromcgaly.  It  wniilil  seem  as  if  the  presence  of  the  iiiteriml 
ficcretions  in  llie  blood  afl'ordtid  stiniuU  necessary  to  preserve 
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a  certain  tonuH  and  produce  definite  reactions  of  the  hcHJi]\ 
oelU. 


Some  of  the  glands  with  ducts, 


iKin  to  produce 
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interim!  as  wl'U  as  pxWniai  secretions.  Thus,  tlie  glycogenic 
and  urea-fonniiig  fiinclions  of  the  liver  anil  the  n-littinii  of  the 
pancreas  to  friyrDsiiriaaro  instjinces  of  hilenial  secretory  action. 
Uorpfaology  of  secretory  glaniifl  (Figs,  .'tl-34):  The  secret- 
ing jjhinds,  a<r<'nling  t»i  their  /"*m,   are  <livisiljle  into  two 


classL's;  tiiliulur  ami  siwuli 
simple  or  i.Miii|i<i<jni]. 

Simple  tubular 
epitlii-liiiin,  witli 
opening  ou  the 
Lieberkiihn  and  i 
typical  examples ; 
in  hiiviiif;  ihf  seer 

In  compound  tui 
present.  Imt  the  tiihi-^ 
comiiiriii     iliici.     Slim 
ex  hi  I 
testii 


■n,,!,- 


L'l'ailar 


;  each  of  tlie.se,  again,  may  be 

single  tiiljes  lined  with 
nd  hlind  and  the  other 
tirface.  Tlie  glands  of 
and  uterine  glands  are 
ire  single  tubeti,  modified 
I  rtiiled. 

tubular  structure  h  still 
vide,  discliargiug  into  a 

<■.   f.     trie  and   uterine  eliimb 
int     his  type.    The  kidneys, 

nd  tiiDidar  glands. 


Simple  saccular  glands  consist  of  a  single  rounded  or 
spheriral  cavity  or  glaiahilar  .sac  with  a  small  outlet  to  the 
surface.  Some  of  the  simplest  sebaceous  glands  may  be  of 
this  type,  but  they  swircely  occur  otherwise  in  mammals. 

Compound  saccular  or  racemose  glands,  as  the  salivary, 
mucous,  lachrymal,  .sebaceous,  and  mammary  glands,  consist 
of  numbers  of  saccules  ojwning  into  common  ducts,  and  these 
again  uniting  in  larger  ducts,  much  like  a  bunch  of  grapes. 

In  compound  glands  the  ultimate  saccules  or  alveoli  which 
communicate  with  common  ducts  form  well-marked  groups, 
so  that  a  division  of  the  gland  into  lolies  and  lobules  is  easily 
reiK^nizable  The  lobular  di\i'<ions  of  glands  are  usually 
setKirated  bj  di-tmct  partitions  of  connective  tissue,  inter- 
lobular  lepta  Well-marked  dt\  i>?ions  of  the  ducts  are  also 
recognizable  corresponding  to  their  degree  of  division  and  to 
th(.ir  sitintion  and  relati  >n  to  the  I  ibuk"  Within  a  lobule  is 
a  small  di\  iiiou  of  the  ducts,  lh<  inirulohul  ir  tluii,  into  which 
theultimite  iKeoli  of  th it  lobule  all  tmpty.  The  short  duet 
b\  «hkh  each  mdiMdutil  s<ic(ulc  or  alveolus  empties  into  the 
intnl  ibiitar  duct  is  called  an  tnt< nnrdiale  diict ;  the  union  of 
the  intermedmte  ducts  forms  the  nitralobular  ducts.  The 
mtralobuHr  duets  unite  to  form  the  tmteihbxiiur  dudg,  which 
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are  larger  anil  lie  in  the  connective  tissue  separating  the 
lobules.  Bv  the  union  of  the  inlerhihiilar  ducts  the  large 
fominrin  dui-t  or  dnctii  of  the  whole  gland  are  formed. 

Ac«>rding  to  the  nature  of  their ^rcrrft'on  and  corresponding 
churactcristit.'S  of  the  gland-wlU,  most  secret<)ry  glands  are 
divisible     iiUn    sfnitis     glands,    mucous 
F.<i.3.>.  glands,  and   fatly  glands. 

Serous  gl&uds  I  Fig.  35),  as  the  parotid 
and  pancreas,  secrete  limpid  waterv  fluids 
iir  solutions.  The  secreting-o*'lls  are 
s|)licniidal  or  polvhedml,  granular,  dark 
and  oiHique,  stain  aeoply,  and  have  rounded 
.,     ,      ,  ,     .     nuclei  nearly  eentrallv  located.     The  au- 

HJchivaerdvcker).  jwarance  01  tlie  c^lls  varies  somewhat 
according  to  the  stage  of  secretion.  When, 
aft^T  resting  for  a  time,  they  are  chargetl  with  secretion,  they 
are  digt«n<le<l,  clearer,  lessojiaqne,  stain  less  deeply,  and  contain 
an  abundance  of  granules.  After  lieing  exhausted  by  pro- 
longed secretion  they  are  shrunken  or  diminished  in  size ; 
darker,  more  opaque,  and  more  deeply 
stained  (from  eonden.sation  nf  the  pro- 
toplasm) ;  and  less  granular,  having 
d  iscliarged  their  granular  contents  into 
the  lumen  of  the  gland. 

Hncons  Kl&nds  (Fig.  36),  as  the  sub- 
lingual, secrete  a  viscid,  mucinous 
fluid,  which  lubricates  the  mucous  sur- 
faces. Goblet  epithelium-cells  secrete 
a  similar  substance,  and  the  character- 
istics of  these  cells  are  very  similar 

to  those  of  the  cells  of  mucous  glands.  Small  racemose 
mucous  glands  are  widely  distributed  in  mnci>us  membranes, 
having  their  alveoli  in  the  snbnuicosa  and  their  ductsopening 
on  the  surface.  The  swretiiig-cclls  of  mucous  glands,  when 
in  the  resting  stage  and  disleiiikil  with  their  mucinous  secre- 
tion, are  targe  and  swollen,  unstained,  clear,  and  transparent, 
especially  in  the  superficial  )H>rtion  ;  their  nuclei  and  hody- 
protoplasm  arc  crowded  well  toward  the  bases  of  the  cells. 
When  exhausted  by  continued  activity  they  are  smaller,  less 
K     clear,  and  more  granular  in  appL'-.irance. 


r  mucous  ijUdd, 
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TaMls  elands  :  The  sebai-eaiis  and  tDiitnniaiy  glancb  jiroiIuGe 
the  fatty  ^mii^titUfiils  of  ttieir  swretiuns  hy  a  fatty  dt^^nera- 
tion  or  infiltration  uf  the  protoplasm  of  the  glaDd-oellw,  The 
cell-bodies  Iwcome  swollen  anu  infiltrated  with  globules  of 
fat,  which  .tru  later  discharged  into  the  lumen. 

Uucoos    membti  *"'  e   nienibranPH  are   those 

lining  the  siwcee  ^  t  conimiuiioato  directly  or 

indirectly  with  th'  (rfthrfcdintinct  continu- 

ous tracts^  of  muc  c  respiratory-alimentary, 

the  geniti  1-11  ri nary  ry.     At  the  orifiws  and 

along  portions  of  ootis  membrane  is  u  con- 

tinuation ofandsi.  )th(.'gkin.     In»>n)C!'itu- 

ations  the  I'linction  ne,  like  that  of  the  skin,  is 

chiefly  protective, ,  «  it  most  reBemWes  tlie 

skin.     In    otlier    h  membrane  has  specittl 

functions^  and  its  str  s  v        i       ordingty. 

Mucouti  membrane  is  usually  described  as  bring,  in  general, 
composed  of  two  layers,  the  mucosa  and  the  submucosa, 
which  are  commonly  situated  on  a  muscular  or  fibrous  bed. 

The  mticoBa  consists  of :  (a)  a  superficial  layer  of  epitkHium, 
stratified  squamous,  columnar,  or  ciliated,  corresponding  to 
the  epidermia  of  the  skin.  Beneath  the  epithelium  is  (b)  the 
tunica  propria,  a  layer  of  connective  tissue,  white-fibrous  or 
elastic,  corresponding  in  geuertd  to  the  corium  of  the  skin,  but 
varying  greatly  in  different  situations.  Its  upper  or  outer 
surface  is  condensed  to  form  a  basement- membrane  for  the 
support  of  the  overlying  epithelium.  Beneath  the  tunica 
propria  in  many  places  is  (c)  the  mu»evlarin  mvcontp,  a  thin 
sheetof  involuntary  muscle-cells,  some  longitudinally  arranged, 
some  transverse  ;  it  separates  the  mucosa  from  the  submucosa, 
and  has  no  anak^ne  in  the  skin. 

The  snbmticosa  is  a  layer  of  areolar  tissue  underneath  the 
mucosa,  corresponding  to  the  areolar  subcutaneous  tissue  ;  it 
contains  the  larger  vascular,  lymphatic,  and  nerve  branches, 
which  send  smaller  twigs  and  capillaries  into  the  tunica 
propria.  The  Itxiseness  of  the  i^ulmiucosa  permits  some  play 
or  movement  of  the  mucon.s  layer  on  the  layers  beneath. 
Ijymphoid  tissue,  diffuse  or  circumscril)ed,  is  present  in  many 
situations  in  the  submucosa  or  tunica  pnipria. 


1 


Secretdon:  Mucous  membranes  are  batlied  and  lubricatud 
in  a  mucinous  fluid,  secreted  mostly  by  goblet-eells  or  sjiecinl 
small  mucous  glands.  Most  mucous  mcmbniiics  lined  with 
strntifiiil  sc|immous  or  stratified  eiliat«'d  euitlieiium  arc  pro- 
viiled  witli  large  numbers  of  mucons  glands ;  in  the  stomach 
and  intestines  (lined  by  simple  columnar  epiihclium)  mucus 
is  8ecrete<l  by  large  numbers  (if  goblet-cells,  no  mucous  glands 
being  present.  Some  mucous  membnines  lined  with  strutifiGd 
sqnnmous   epithelium,   however,    lack   both   giiI>let-<-cl]s  and 


I 


mucous  glands,  a 


the  vagina  and  bladder 


whose 


'  mucons 
secretion  is  prnduccil  by  the  mucinogenous  action  of  the 
Bqtiamnua  cells  themselves.  The  mucous  glands  when  present 
have  their  alveoli  in  the  submucosa  and  their  ducts  penetrate 
the  muiiosa  to  empty  on  the  surface ;  the  cells  of  the  se<Teting 
portions  of  these  glands  are  of  the  mucous  glandular  type, 
while  the  ducts  are  lined  with  a  different  form  of  cell,  usually 
cuUiidal  or  columnar  cells  similar  to  or  merging  into  those  of 
the  epithelial  surface. 

These  are  the  general  features  of  the  structure  of  mucous 
membranes,  but  the  details  vary  greatly  in  lUtferent  aitnations. 

Serous  membranes,  as  the  pleura,  pericardium,  peritoneum, 
tuni<-a  vaginalis,  and  the  allied  synovial  membranes,  line 
certain  c]osl-<I  cavities  or  sacj9.  The  portion  of  serous  mem- 
branes covering  the  viscera  is  called  tne  visceral  jiortion,  that 
reflected  over  the  out«r  walls  of  the  cavity  being  the  )>arietal 
portion.  8erous  membranes  consist  of  aii  interlacing  fibrous 
c<mnfiAivf-ti«iinf  manhranc  or  basis,  lined  on  the  free  surface 
by  aidotliftiiim,  while  beneath  is  a  variable  amount  of  areolar 
and  often  adipose  tissue,  the  mibnei-mm  lUsuf,  connected  with 
the  subjacent  structures  and  analt^us  to  the  subniucoaa. 
They  contain  blood  and  lymphalic  vessels.  Between  the 
endothelium-cells  in  some  localities  are  occasional  minute 
ori6ces  or  lyni|jh-stomata,  guanktl  by  small  spheroidal  cells ; 
these  open  into  lymphatic  vessels  within  the  membrane.  Thus 
the  serous  sacs  form  large  lymph-spaces,  communicating  directly 
vith  the  lymphatic  channels.  The  function  of  serous  mem- 
bnnes  is  partly  assiKiated  with  that  of  the  lymphatic  system, 
and  is  lar^ly  to  obviate  friction  and  to  permit  and  facilitate 
the  glidinir  movement  of  viscera  upon  opposing  surfaces. 
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OrpuiB  are  aggregations  of  the  elenientary  t'«lls  and  tissues 
in  varying  iinijwrtinns  aud  varj-ing  modes  of  arraiiKeinfiit, 
The  tissues  of  niuny  urgaiiK  ean  lie  luinvenieDth'  divided  into 
parencljyn  I  atolls  tissue  aud  sustcntaciilar  tissue. 

The  parenchyma  of  organs  consists  of  tlie  eella  or  portions 
that  are  the  active  and  essential  agents  in  carrying  on  the 


functions  of  the  a 
glands,  the  air-ve 
ttsnue  (oft«n  oalleo 
their  coniiective-tii 
all  their   [tarts, 
areolar  tifisue,     D 
lar  tissue  can  oftei 
envelopes  or  ca]>sui< 
(interlobular  tissue)  Lrai<,. 
dividing  them  into  lobes  at 
(perivascular   tissue,  etc)  i 


glandular  epithelium  of 
i,  etc.  The  nualmfacular 
[>)  of  organs  consists  of 
armeating  and  sup|]oriing 
Imi-elaslio  or  condensed 
visions  of  the  sustentacu- 
sticli  as  the  niembninous 
rgirns;  trabectilie  or  septa 
interior  of  ot^ns  and 
.  I,  tracts  of  Bbrous  tissue 
niunuing  and  auppopting  the 
vascular  and  nerve  brancht';,  and  dutt-*,  in  their  ramifications 
through  the  organ  ;  and  a  deliuite  all  [>ervading  network  of 
fibrous  tissue  (intralobular  ti-sue)  tmbracing  and  sustaining 
the  minutest  subdivisions  of  the  \is«eral  and  [mrenchymatoiis 
substance.  In  addition  to  th<tr  sustenl  icular  and  parenchy- 
matous elements  oi^ns  |H>sr>(.Sb  ts  a  m  itt<.r  of  course  a  blood, 
lymphatic,  and  ner\e  supph 


CHAPTER    VI. 

THE  CIRCULATORY  SYSTEM. 

The  apparatus  liy  which  the  circulation  of  the  blood 
throiitrhont  the  bwlv  for  the  mnirishimnl  of  the  tis.siies  is 
a(.-<'onipli.shiH]  consiRLs  of  the  heart,  covltmI  by  the  pericar- 
dium;  anil  the  Muodvessels :  arteries,  veins,  and  capillaries. 

The  heart  is  a  hollow  muscular  oi^n,  whoso  walls  are  made 
up  of  a  thick  mass  of  mtisole,  the  myocardium,  liucd  ou  the 
inside  by  a  delicate  endothelial  membrane,  the  cndnrardium  ; 
and  on  the  outside  by  a  serous  membrane,  the  visi'eral  jturtion 
of  the  pericardium. 

The  eDdocardinm,  which  lines  the  interior  of  the  heart,  is 
einiilar  to  the  lining  of  the  MoikI vessels,  of  which  it  is  a 
continuation.  It  is  tliinner  than  the  iiericardium,  Jta  free 
surface  is  lined  by  polygonal  end ot helium-cells,  which  lie  on 
B  firm  con nective-t issue  basis  of  interlacing  white  and  elastic 
fibres.  The  lowermost  tissue  of  the  endocardium  merges 
gradually  into  the  delicate  connective  tissue  which  occupies 
the  interstices  between  the  muscle-cellH  of  the  myocardium. 

The  vfihex  of  the  heart  and  arterial  orifi<'e3  consist  of  folds 
or  reduplications  of  the  endocanlium,  fortified  and  strength- 
ened by  additional  white  and  elastic  tibrons  tissue.  The  tis- 
sues at  the  bases  of  the  valves  are  slrengthened  into  well- 
narked  6brous  rings,  which  ser\'e  as  a  Iiasis  for  the  attach- 
ment or  insertion  of  the  valves  and  muscular  bundles  of  the 
myocardium. 

The  myocardinm  is  a  mii.%ular  mass  making  up  the  main 
substance  of  the  heart.  The  cjirdiac  musclc-ccll.s  of  which  it 
is  com|>osed  are  of  a  kind  [lecnliar  to  the  heart,  and  have  been 
already  described  (Fig.  29),  The  muscular  fibres  are  arranged 
in  bundles  or  layers  which  in  different  places  run  in  different 
directions,  trnnsverse,  longitudinal,  oblique,  spiral,  in  an  intri- 
cate manner. 


I 
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Carili:io  raiisule-tissiie  ia  ni)t  cnmjMict,  but  the  sides  (if  the 
muscle-Kiel tii  are  sopamtetl  by  sliglit  iDtervuln  ur  intL'nslicos 
thniiifih  whirh  delicate  connective  tissue  (the  hiierstUiaJ  tissue), 
capillaries,  lymphatics,  and  nerves  permeate  the  entire  myo- 
cafdiiim.  Tlie  bluoiJ-siippltf  of  the  heart,  inchultng  the  endo- 
canliiim  and  visceral  pericardium,  is  derived  from  the  coronary 
vussi'ls;  the  miisclo-cells  are  richly  supplied  with  capillaries. 

The  pericardium  is  a  typical  serttus  sac,  consisting  of  a  fibro- 
elastic  mcnibi-aui?(fibro[ie|)(.'ricun)itim)liruMlon  the  free  interior 
surface  by  a  single  layer  of  pi)lygonal  endotheliiim-celis  (eerous 


pericanlium) ;  beneath  which  is  the  subserous  or  suhperiesrdial 
areolar  tissue,  which  in  this  situation  often  includes  masses  of 
fatty  tissue.  The  visceral  portion  of  the  serous  pericardium, 
sometimes  tilled  the  epicardiura,  envelops  the  outtiide  of 
the  heart,  while  its  i»arietal  portion  is  reflected  on  and  lines 
the  inner  surface  of  the  fibrous  pericardium.  Under  the  ]K)rtioQ 
of  the  pericardium  which  covers  the  heart  the  subpericardial 
tissue,  areolar  and  &tty,  is  continuous  with  and  metres  into 
the  interstitial  connective  tissue  of  the  myucanlium. 


ARTERIES. 

Arteriei :  Tlip  artpnos  vary  in  structure  snmewliat^tlmt  is, 
in  the  relative  j»roportiuiis  oi'  (heir  several  const itiienl)^ — ac- 
cording to  their  »ize  and  degree  of  subdivision  (Fig,  37 j.  The 
cvute  (if  art«rie!t  are  usually  described  as  consisting  of  three 
divisions,  the  tunica  intiina,  tuuiua  media,  and  tunica  adven- 
titiu.  The  structure  of  nicdiuni-siziHl  urtericH,  or  all  but  the 
lur^rest  and  tlie  smallest,  is  as  follows : 

The  tonic*  intlma,  nr  internal  coat,  consists  of  three  layers. 
It  is  lined  internally  hy  endothrHum,  a  single  layer  ot  flat 
squamous  <«IU  uniting  by  somewhat  sintious  edges,  oviil  and 
elongated  in  shape  and  with  oval  nuclei ;  the  cells  and  nuclei 
lip  with  their  long  axes  |)arallel  with  the  course  of  the 
artiTv.  These  ceils  present  a  smooth  surface  to  the  blixKl- 
Btrtam. 

Beneath  the  endothelium  is  the  mihrwlotlir/ial  connaiirc 
tuamf,  a  thin  delicate  layer  of  white  and  elastic  fibrous  tisstio 
with  stellate  eonneetive-tissne  cells.  In  the  smallest  arteries 
this  layer  bi'comes  thinner  and  finally  disappears. 

The  lowest  layer  of  the  tuniea  intima,  separating  It  from 
the  tuniea  mcnlia,  is  the  intmiaf  elastic  (amhitt,  a  thin  but 
prominent  layer  of  interlacing  yellow  elastic  fibres  forming  a 
perforated  or  sometimes  almost  contiiinuus  membrane;  it  is 
sometimes  called  the  "  fenestrated  membmne  of  Henle."  In 
emptv  and  contracted  arteries  this  elastic  lamina  is  thrown 
into  longitudinal  folds,  ami  in  cross-sections  of  arteries  it  con- 
Hei)uen(ly  presents  a  very  eonspicuons  and  ehamcteristic  ap- 
pearance as  a  clear  sinuous  yellow  line  surrounding  the  Inmen 
of  the  vessel. 

The  timica  media  is  a  thick  middle  coat,  between  the  intima 
and  adventitia,  amsisting  <  hietlv  of  intenningled  ffefhtr  flaatic 
fifirex  and  iiiro/initiirii-miixr!,  ■■ills,  along  with  a  small  amount 
of  white  fibres.  The  mnscle-iclls  are  for  the  moi-t  part  ar- 
ranged circularly  or  transversely,  but  in  a  few  artt-ries  longi- 
tudinal cells  also  occur  sparingly.  The  elastic  tissue  ix-iurs 
U  sinuous  fibres,  networks,  and  plates.  In  relative  (juantily 
the  elaftic  and  musi^ular  elements  vary  inversely  to  ra<h  other 
according  to  the  size  of  the  artery. 

In  the  large  arteries  the  elastic  tissue  gn-atly  pretlominates 
in  amount  over  the  muscle;  as  the  arteries  decrease  in  size 
tliese  pro[M>rtiotH  are  gradually  reverse<t,  until  in  the  small 
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arteries  the  media  is  raainly  coniposetl  of  niiiscle-cells,  with 
elastic  tissue  only  scantily  repre«-iitetl. 

This  arrflngpment  ciinfers  gn.'at  elasticity  on  tlie  largest 
arteries,  sa  tiiut  they  convert  the  spiirtj^  of  blood  intermittently 
pumped  from  the  heart,  into  a  more  even  and  continuous  cur- 
rent ;  while  the  smaller  arteries,  by  tlic  action  of  the  vaBo-con- 
fitrictor  and  vaso-dilator  nerves  upon  their  muii4;ular  walls  and 
their  calii)re,  are  kept  well  under  the  control  of  the  nervous 
aystcm,  which  in  this  way  exercises  a  full  and  highly  coilrdi- 
nateil  w>ntrol  over  the  circulation  aud  amount  of  blufjd-supply 
in  all  parts  of  the  body. 

In  some  arteries  an  extaital  elastic  lamina,  similar  to  but 
less  well  nuii'ked  than  the  internal  elastic  membrune,  can  lie 
distinguished,  marking  the  outer  limit  of  the  tunica  media  and 
sepurating  it  fiom  the  tunica  adveutitia. 

The  tunica  adventitia,  the  outer  coat  of  the  arterial  wall,  is 
a  layer  of  fibrous  and  elastic  tissue,  ctinlaining  perivascular 
lynijihatics  and  the  v;is;i  aud  ncrvi  vti.-oruni,  or  ibe  small 
bloodvessels  and  nerve-filaments  that  supply  the  walls  of  the 
artery  itself.  The  adventitia  is  of  indefinite  and  variable 
thickness  in  diiferent  situations;  tbt-  jK>rtion  next  to  the 
media  is  a  firm,  stnmg  tissue,  wiiile  the  more  remote  portions 
become  looser  and  more  arcttlar  and  merge  gmdually  into  the 
neighboring  connective  tissues. 

In  the  largest  arteries,  as  the  aorta  and  pulmonary  artery, 
the  su bend oth dial  tissue  is  thick  and  firm,  aud  the  internal 
clastic  lamina  is  ill  definnl.  The  tunira  media  is  made  up 
mainly  of  elastic  plates  and  reticula,  the  nuiscle-cells  being 
present  in  relatively  small  proportion. 

As  ihc  arteries  decrease  ia  size,  the  subendothelial  tissue  and 
the  elastic  elements  of  the  media  diminish  and  ultimately 
disappear,  the  muscle  cells  become  fewer  and  scjtttered,  the 
adventitia  ilccreascs  in  amount,  and  the  internal  elastic  lamina 
becomes  thinner  aud  finally  absent.  The  endothelium  persists 
throughout. 

The  smallest  terminal  arteries,  then,  are  lined  with  endo- 
thelium, restinir  on  the  thin  remuiints  i)f  the  fiulK'udfithelial 
e<»nnw!tivc-tis>ne  and  clastic  layers  ;  outside  of  this  are  trans- 
verse involiintiiry  nniscle-cclls  in  a  single  layer  or  soat- 
tere<l    and    sei>arjted  by   intervals  ;    and    surrounding  all    is 
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I   scanty  connective   tissue    re ji resenting   the   remain.s   nf    tlie 
'l   ailventttio. 

In  small  arteries,  viewed  lonKitadJnally  (<»r  from  tlie  side), 
'  the  tranNversc  mii.scle-eells.  witli  tlicir  i-nnspicuoua  i-txi-shaped 
[   nuclei,  pre^ut   u  very   cliaracieristic   iipiiearance   by  which 

vessels  of  this  size  are  easily  rew^iized. 
I        When,  finally,  all  tlic  coats  have  disappeared  eseept  the 
I   endothelium,  the  artery  has  merged  into  a  cnpiUnry. 

TeioB :  The  .ttmetnre  of  veins  is  much  tlie  same  as  that  of 
arteries;  but  thoy  have  a  larger  calibre,  thinner  walls,  more 
while  fibrous  tissue,  and  less  muscle  than  the  corresponding 
•rteries,  and  they  are  provided  with  vahen. 

The  walls  of  veins,  as  of  arteries,  consist  of  three  coats, 
the  tunica  intima,  tunica  media,  and  tunica  adventitiu. 
These  coats,  however,  are  often  indistinctly  marked  off 
and  merge  into  one  another  without  well-marked  dividing- 
lines. 

The  tunica  iniima  is  lined  internally  with  a  single  layer  of 
endothelium-cells,  which  arc  more  polygonal  and  less  donated 
in  shape  than  are  those  of  arteries.  The  subendothelial  layer 
consists  of  white  and  elastic  tissne.  The  internal  elastic 
lamina  in  veins  is  often  poorly  defined. 

The  tUTiica  media  consists  of  white  and  elastic  fibrous  tissue 
aod  involuntary  muscle-cells,  which  are  mostly  arrangeii 
drcularly,  but  in  some  situations  partly  Iouf;itn(finally  also. 
The  media  is  much  thinner  and  contains  less  muscle  than  in 
arteries. 

The  tunii^a  adventitUt  is  a  fibro-elastic  outer  sheath,  often 
thick  and  well  marked,  containing  vusa  vasorum  and  in  some 
Mtustions  longitudinal  non-striated  muscle-cells. 

The  calves  of  veins  are  folds  of  the  tuni(»i  intima,  strength- 
ened by  additional  connective  tissne. 

At  the  jntirfion  of  ihe  large  fWn«  tnfh  thr  i-ai-diae  auricicn 
the  peculiar  muscle  of  the  heart  is  continued  for  a  short  dis- 
tmtHV  in  the  venous  walls.  The  walls  of  the  veins  of  the 
Imerr  Kiiretnitiai  are  thicker  and  more  muscular  than  those  of 
the  upper  part  of  the  lM«iy. 

The  cmoiw  tn'nuw^  of  the  interior  of  the  skull  consist 
of  an  endotlicHa!  layer  resting  on   tibmus  tis,sue,  and  oi'cupy 


.  .-.       I  ii('\-    .-ire,    I  licrcl(tr( 
(•ii«lni  liclinl  lining:-  of  the  ;ii-|ci"ic-  ;iii<l 
nil  oiIk  r  cox  ci'iii^-,  cxccjii   iliat   wlialcx 
ti--iic  iii:iv  .-iiii(»mi(l  the  ciidotlit'lial  till 
vestiges  of  the  atlventiiia. 

At  the  junction  of  the  emlothelial  cci 
points,  which  are  i>erhaj)s  domata  or  o 
escape  or  migration  of  leukocytes  throng- 
lary  is  effecte<l  or  facilitated. 

The  capillaries  form  a  system  of  exceec 
minute  passages  connecting  the  terminal 
side  with  the  initial  veins  on  the  other 
anastomose  so  as  to  form  reticula  or  net^ 
closeness,  form,  and  arrangement  of  the 
orgjms  and  situations,  according  to  the  i 
required.     The  capillaries  lie  in  intimate 
tissues,  and  nearly  all  parts  of  the  body  ai 
by  these  channels.     From  the  capillarie 
plishes  its  metabolic  and  nutritional  action 
The  capillaries  are  therefore  the  ultima 
elements  of  the  cintidatory  system,  to  wl 
the  circulatory  apparatus  serves  a  subord 
purpose. 

The  thin  walls  of  the  capillaries  are  hi, 
the  vital  projierties  of  protoplasm,  and  ar 
exosmosis  of  nutrient  fluids  ;  the  endosmoj- 
and  other  waste  products  of  tissue-knt*'*-'^' 
of  leukon\'<^"'  ^' 
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another.  Such  minuses  may  be  interposed  between  the  terminal 
arteries  and  the  conimenoing  veins,  taking  the  place  of  capil- 
laries, as  in  the  splcon  and  lione' marrow. 

The  crectUe  tittstie  of  the  male  and  female  genitulH  consists 
of  similar  vascular  pinunea  w)  arranged  that  when  the  exit  of 
the  blood  is  checked  by  nitisctilar  eonipression  of  the  outlet- 
veins  the  spaces  are  distended  with  bluud  and  tlie  oi^a  be- 
comes turgid  and  erect 
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lilt!  tvin|)liatio  Hyatem  consists  of  a  series  of  tbs- 
(lirttriimtwi  throiigiiotit  tlie  t'litirr  orgaiiism  un<l 
for  (tminins;  awny  vii[icrttiii)us  fliiiils  in  ihc 
■iiiriiing  them  into  the  UUmd. 
iiituined  in  tbosc  t-liitnnols  'm  the  lymph. 
I-  nctiou  of  the  lyuiphatica,  act  in  tlie  inlcstiiutl 
III  tlu'  i-L'tnoval  of  subittiints^  introtiarafl  liyiKxIenni- 
callv,  i!^  iillii'il  to  theirdraimt^  fnnution.  Id  some  situntionf, 
as  id  till-  .■unim  ami  hnnc.  lyniph-cimnnels  affoni  the  only 
jiassiir-'-s  liy  wlilrli  Hiil.!^  ciin  [wnuL-ati;  the  tisf-Uos  for  lln.- 
|iiir|jii-ii'  lit'  iKiiiri-liitiy  lliuiu. 

Ill  (111'  i-uiii'-i'  i>f  lyia|)lmtlc  vei^riela  arc  also  iiit«r[H>ised  gland- 
ular structnres,  whioli  iiriionfr  other  functions  hxve  tbe  power 
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percnlate  through  these  tissues,  which  are  not  gii)iplicil  by 
blood-capillaries,  and  afford  pabu' 
would  otherwise  be  unprovided. 


od~capillaries,  and  afford  pabulum  for  their  nutritiun  which 


Cell-spaces  are  also  especially  observable  in  the  tibrous 
tissue  of  the  ctntifU  tendon  of  Hie  diaphriiffm,  irregular  stellate 
lymph-sjwices  corresponding  to  connective-tissue  cells,  with 
Itntnchc^  cotnmunintiing  with  one  another  and  perhaps  with 
lynoph-vestwls. 

'rlie  siHtccs  in  areolar  tisnuf  also  serve  as  lymph- s|iacGs, 
nimmu  men  ling  freely  with  the  lymph- vessels,  ami  fr<mi  their 
looseness  are  lupable  of  holding  lai^'  iR-<iunHi  hit  ions  of  lymph 
and  fluid,  as  in  ledematous  cindilions  and  r-ulK'Utaiienns  injec- 
tions. These  spaees  are  simply  1i.-«iircs  in  the  siiUsliincc  of 
the  connective  tissue,  without  any  speeializeil  \\ulls. 

In  certain  regions,  notably  the  nervoiut  ctiifres,  occur  well- 
marked  perivascular  and  |tenueurial  lymphatics,  consisting  of 
longitudinal  passages  or  clefts  in  the  tunica  adventilia  of  tlie 
bloodvessels  and  fibrous  tissue  surrounding  the  nerves  ;  these 
pttsaages  when  well  develojted  may  be  lined  with  endo- 
thelium. 

The  o)»on  meishes  of  h/mp/ioiil  fiMitiir  also  constitute  lymph- 
spaces,  partially  lined  with  flat  Cfinnct'tive-tisstie  or  endo- 
tlielinid  cells. 

The  germm  unai,  as  the  pleura,  jwricardiitni,  peritoneum, 
synovial  sacs,  bursre,  etc.,  may  lie  regarde<i  as  n'preR-ntiug 
highly  developed  lymph-spaces.  They  are  large  cavities 
completely  and  deiiniteJv  lined  by  scnius  membranes,  wliioh 
have  been  already  descrilKtd  as  fibrous  membranes  lined  on 
the  free  surface  by  endothelium.  The  ea\'ity  of  the  serous 
cace  commnnieates  with  the  lymph- vessels  by  stomatn.  The 
function  of  serous  membranes  is,  however,  apparently  more 
to  obviate  friction  and  facilitntc  motion  between  opjKi.sing 
surfai-es  than  to  serve  as  components  of  llic  lymphatic  system. 
Ordinarily  the  serous  sacs  contain  only  a  small  amount  of 
fluid,  which  acts  as  a  lubricant ;  in  the  synovial  sat*  and 
bursw  this  fluid  is  much  different  fnmi  onlinary  lymph,  lieing 
glairy  and  viscid  and  having  the  character  of  a  special  secre- 
tion. 

Origiiu  of  the  lymptiatic  Tessels:  The  lymph-sjiiu-cs  just 
considered  constitute  the  chief  [Kirtion  of  the  ultimate  origins 


LYMPHOID  OR  ADENOID  TISSUE. 

Lvmptiattc  vessels  contain  numerous  vatveit,  formed  by 
transverse  folds  of  the  innor  tunic.  Associated  with  the  valves 
are  alternate  dilatations  and  »)nstrictions  of  the  lymphatic 
vpssels,  which  give  them  a  charaeteristic  beaded  a|){>earanee. 

The  tlioracic  duct  is  the  largtwt  and  beat  devehiin-d  of  the 
lymphalii'  vi-^-ol-.  lis  inner  tunic  contains  n  considerable 
aniriniii  "l"  -iiliiLi.lnihcliLil  conneotive  tissue  and  longitudinally 
urranj^'tl  vhi^iic  libirs.  Its  outer  coat  contains  scattered 
biindlf."  of  liiii^iiii(iiii:il  involiintarj'  muscle. 

Lymphoid  or  adenoid  tissue  consists  of  an  open  connective- 
tissue  netwiirk,  the  meshes  of  whii^i  are  crowded  with  free 
cells,  called  lymphoid  cells,  the  whole  communicating  with 
lymphatic  vessels.  The  connecttve-tissuG  reticulum  which 
forms  the  basis  of  typical  lymphoid  tissue  has  already  lieen 
descril>ed  under  the  name  retiform  (i«8Mc;  it  consists  of  fine 
intcrlm^ing  Rbril.t  covered  or  lined  at  their  intersections  witli 
flat  stellate  oonneiitive-ti.ssue  or  endothelioid  cells.  The 
meshes  formed  by  this  stnietiire  are  Hlle<i  with  lymphaiil  rc/h, 
small  free  spherical  cells  with  relatively  large  and  prominent 
deeply  staining  round  nuclei  and  small  cell-lxMlies,  These  are 
often  packed  in  so  densely  as  to  obscure  and  hide  the  reticular 
basis.  The  meshes  communicate  freely  with  one  another  and 
with  the  interior  of  entering  or  aflereiit  and  departing  or 
efferent  lymphatic  vessels,  so  that  the  tissue  forms  a  lvui|ih- 
Spacv,  and  through  it  lymph  constintly  flows.  Adenoid  tissue 
Ls  also  supplied  with  blootl-capillaries. 

Lymphoid  tissue  exhibits  nil  </radaiinrui  fmni  diffuse  masses 
without  definite  boundaries  to  sharpiv  circnmscril)e(!  ixHliiles. 
Diffuse  lymphoid  liwiw  occurs  imh«lded  in  connective  tissue, 
and  merges  insensibly  into  the  Rurrounding  tissues.  It  pre- 
Bcnts  all  grades  from  onlinary  wmnective  or  areolar  or  even 
epithelial  tissue  infiltrated  scantily  or  densely  with  wandering 
lymphoid  cells  to  typical  dense  adenoid  tissue  with  a  retiform 
basis. 

In  other  ca.«es  lymphoid  tissue  forms  well-defined  noduten, 
more  or  less  spherical  in  shape,  often  quite  sharply  circum- 
ecrihcd  bv  a  condensation  of  the  surrounding  fibmus  tissue. 
Siteh  nodules  are  often  cidle<l  /ifrnph-foHle/fin  (Fig.  38).  The 
•fferent  lymph-vessels  are  said  to  ojwn  into  the  periphery 
of  (Hich  nofhilcs  or  follicles.     The  tissue  In  llic  centre  of  the 
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afferent  ly in pli- vessels,  Iyniph-simise«,  dense  lymphoid  tissue, 
effereut  lyinjili-vessela,  and  mood  vessel  ti.  Two  regions  can  Iw 
distinguished  in  them,  a  dense  peripheral  region,  tlie  i-nrtrr, 
and  an  owner  central  region,  the  mfrlufh,  which  is  continuous 
with  the  hilum. 

The  Biutentacnlar  tdssne  forms  a  lirm  fibruU:^  capsule  envel- 
oping ihe  gl;ind,  wliirli  sends  tndw'culpe  or  septa  inward 
toward  llieientre,  dividing  the  gland  into  a  number  of  radiat- 
ing munded  lobules.  Delicate  retiform  ti.isue,  also  a  [mrtion 
of  the  sustentacnlar  framew<)rk,  fills  the  entire  gland  and 
forms  the  basis  of  the  lymphoid  structures. 

The  afferent  lymph-vessels  are  a  niimlier  of  vessels  or 
branelu'>  wlii.-li  ruler  t!ie  gland  at  scattered  pnints  over  the 
periplicrv,  .(iiiilyiiig  Unit  llie  peripheral  lymph-sinns(^s, 

Tlio<-iiMieiit  jwrliiiii  of  the  gland  is  mainly  made  up  of  lypieat 
l3nnphoid  tissue,  densely  packed  with  lymphoid  cells.  It  is 
dividcil  into  lobules  hy  the  tratieculie,  and  each  lobular  mass 
of  lymphoid  tissue  is  surrounded  by  a  lynijih-sinus.  The 
ndcnoi<l  tissue  in  the  outer  or  cortical  part  of  the  l<j|iMles 
forms  dense  continuous  masses;  but  toward  the  centre  it 
breaks  up  into  branches  or  columns  of  lymphoiil  tis-^ue,  called 
lifniph-eonh,  which  project  into  the  medulla  iind  are  sepa- 
rated by  the  medullary  lymph-sinuses  and  vessels. 

The  lympb-sinuses  are  ojicn  channels  and  s])nces  in  the 
retiform  tissue  where  the  lymph  is  more  free  to  flow  than  in 
the  den.se  adenoid  tissue.  They  consist  tif  the  same  open 
reticulum  which  forms  the  basis  of  the  lymphoid  tisane;  hut 
very  few  lymphoid  cells  are  contained  in  the  meshes,  so  that 
the  lymph  is  afforded  free  passiige  through  the  open  netwfirk. 
Into  these  sinuses  the  afferent  and  efferent  lymph- vessels 
freely  open. 

These  sinuses  may  be  divide<l  into  two  groups,  the  periph- 
eral sinuses  and  the  medullary  sinuses. 

The  periplieral  iTmph-sinnses  surround  the  periphery  of  ihe 
lymphoiii  liw.-<ue  which  makes  up  the  varitnis  Inliiiles,  and  the 
afferent  lymjih  vessels  o|M:n  in(<i  llicin.  They  consist  of  a 
narrow  space  intervening  bitwicn  the  capsule  and  trabeculffi 
and  the  dens^'  Kibuhir  adim-id  ti-sne. 

The  mednllaTT  lymph -BinnBes  are  located  in  the  central  por- 
tion of  the  [.'hunl,  siiid  consist  nf  branching  npcn  sinuses  in- 
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tervL'tiinu  liL'tween  the  columns  or  cords  of  dense  lyninlioid 
Ik-^ue,  iinil  uniting;  in  the  centre  to  empty  into  tlie  enerent 
I.V,„|,l,-vi™.|s. 

The  cortex  ul  lymphatic  glands  cimsists  of  the  lohutes  of 
iIcHM?  lyinptioiil  tii^'^uc  liurrotinded  by  their  lympli-uinuses. 

Tlie  medulla  is  a  smaller  region  in  the  centre,  continnonH 
with  the  hiliim,  in  winch  the  ti»iue  is  opener.  It  is  composed 
of  tho  nioiliillaiy  lymph -sinuses,  the  columns  or  conls  uf 
lyin|ihiiiii  ti"iic,  the  uranching  bloodvesaek  and  efferent 
lyn]|ili-vi'"il,-,  :iiiil  some  coiiLCcti\*e  tisane. 

rill'  efferent  lymph-TeBsels  form  in  the  medulla  hy  union  of 
till'  MUiill'T  I'liMiiiiels  cimtinuous  with  the  medullary  lymph- 
,-iiniiscs,  :iTi([  le;ive  the  gland  by  the  Iiilum. 

Thi;  bloodveaselB  enter  and  leave  mostly  by  the  hilum,  and 
in  the  motlullii  l)ri':ik  up  into  networks;  some  vessels  also  lie 
in  the  trjibwMilit'. 

The  t-iiurse  of  the  circulation  tlirongti  lymphatic  glands  is  as 
fellows-,  the  lymph  cut.-rs  by  tb<-  :iffl-fviit  v-ssrls  ;it  viiHons 
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anil  consi.-is  of  a  sustentat-ular  fraim-work,  lymphoid  tifisiie, 
the  ooiiceutric  corputK-les  of  Ha-ssall,  and  blood  and  lympliatic 
vessels. 

The  mu^enldniliir  Hkhiic  consists  of  a  fibrous  CMitigiile  envel- 
oping; the  gland,  trabeeiilje  extending  inwanl  iliviiling  the 
cortieal  portion  into  lobes  and  lobules,  and  a  retiform  frame- 
work filling  the  entire  ui^n  as  a  basis  for  the  lymphoiil 
tii«ne. 

The  ImkIv  of  the  gland  eonsists  throughout  of  lifin/iluiitl 


tiioiiii;  ojien  and  clearer  in  ihe  eentral  portion,  thus  eonstilnt- 
ing  the  ineilullary  region,  and  dense  in  the  enter  or  peripheral 
portion  fonning  the  curtex. 

The  corlinil  region  is  divide<l  into  lobes  and  lobules  by  thu 
tnbeoulffi  extending  inward  fnini  the  eapi^nle. 

The  lobnlar  divisions  do  not  extend  into  the  metlufla, 
whieh  thus  forms  a  common  core  from  whieh  all  the  lolniles 
project. 

Scattered  almtit  In  the  meilnJIa  are  ihc  concen/m'  <-<tfp\iwhii, 
or  eorpiucUg  of  Hitimiill,  small  spherieal  Iwidies  liavinu  a  gnin- 
alar  core  surrounded   concentrieally    by    Hat    wiuaraoiis   epi- 
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CHAPTER  VIII. 


BLOOD   AND   LYMPH. 


The  blood  and  lymph  are  tlie  ci-llular  fliiids  circuluting 
alfoiit  the  hoHy  in  the  circulatory  and  lymphatic  ayet^ms  and 
[irovidinff  lor  bmly-nntrition.  They  convoy  to  the  tissueK 
ihe  ^laseuiiii,  fluid,  and  solid  pabulum  re<|iiir(Kl  in  their  ana- 
holism  or  iipbnilding,  and  boar  away  fn»ni  them  the  waste- 
pro«Uict6  of  their  katabolinm  or  downbreaking. 

Blood:  On  examiaing  fresh  blooii  under  the  mici-oscope 
we  obwrve  lai^  numbers  of  free  straw-colored  cells,  with 
here  nnd  there  a  colorless  cell,  suspemie*!  in  a  clear  homo- 
^neous  fluid.  The  blood,  then,  consists  of  two  [Ktrtions — a 
fluid  portion,  the  plamna,  and  free  blood-cells  or  corpuscles 
Bii.spen'led  in  it. 

The  eo/-piwc/M,  again,  are  of  three  kind.s — rc<l  blood-corpus- 
cles, white  blood-corpuscles,  and  blowi- plates. 

The  plasma  comprises  abiint  tiiree-flfths  of  the  blood  ;  the 
corpuscles  about  two-fifths. 

The  blood  may  be  rc^nled  as  a  fluid  tissue,  the  corpuscles 
being  the  cellular  elements  and  the  plasma  the  intercellular 
Bubntiutee.  It  diWers  from  other  tissues,  however,  in  that  the 
intercellular  portion  is  ni>t  produced  by  the  activity  of  the 
bliiod-cells  themselves,  but  is  derived  from  al>sorption.  The 
blood  belongs  to  a  class  >if  tissues  that  is  md  ffeiuria,  different 
from  and  coonlinate  with  the  classes  of  epithelium,  connec- 
tive tissue,  etc.,  which  make  up  the  fixed  tissues.  Owing  to 
the  facility  with  which  it  ran  be  esaniine<1  and  the  significant 
changes  which  it  exhibits  in  various  diseases,  the  histology  of 
the  bliMwl  is  :i  matter  of  great  importance  in  practind  medi- 
cine. 

Blood- plasma,  <ir  liquor  i<niifuiiii>i :  Tliis  is  a  clear,  homogene- 
ous, colorless  Huid  comprising  about  three-fifths  of  the  volume 
1  of  tlip  entire  blood.     It  consists  of  water  holding  in  snlution 


I 


BED  BI.OOD-rORPUSCl.ES. 

they  are  homogeneoUH  throilghnut,  and  tliey  possess  no  cell- 
envelope.  They  (.■oiitain  no  nuclei,  except  in  early  embryonic 
lite  and  in  abnormal  conditions.  Their  color,  when  seen 
singly  or  in  thin  layers,  is  not  red,  as  the  name  indicates,  but 
a  characteristic  pale  yellow  with  a  slight  greenish  tin^  ;  it  is 
only  in  mass  that  they  produce  the  effect  of  red  color.  They 
are  soft,  elastic,  pliable,  almofit  gelatinous.  As  they  How 
through  the  capillaries  or  move  in  currents  in  the  micro- 
fwonical  spet^men  they  change  sba|>e  with  the  least  pressure, 
anti  may  become  greatly  distorted ;  but  on  release  from  re- 
straint they  resume  their  normal  discoid  shi 
The  nnmber  of  red  corpnaclea  in  giv' 
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under  similar  normal  conditions 
near  the  sea-level  in  adult  males 
is  about  5,000,(KH)  in  each  cubic 
millimetre  of  blood  ;  in  females, 
about  4,500,000.  In  very  vigor- 
ous individuals  the  number  of 
red  corpuecles  may  be  increased, 
even  np  to  6,000,000;  while 
with  increase  of  altitude  above 
sea-level  there  is  a  very  marked 
increase  in  their  number. 

When  a  drop  of  bloo<i  is 
placed  under  the  microscope  the 
red  corpuscles  are  observed  to 
exbibil,  for  a  time,  a  tendency 
to  form  ronleanx — that  is,  they 
become  arranged  or  adherent 
together  evenly  8i<le  by  side, 
like  a  pile  of  coins. 

(hWDfttioa:  The  red  corpuscles 
are  so  delicately  adjustt-a  to  the  blood-plasma  that  they  are 
very  easily  affected  as  to  shape  by  any  alteration  in  the 
density-  and  composition  of  the  meilium  in  which  they  occur. 
One  of  the  commonest  of  these  changes  in  crfnaiion.  This 
mnsistn  <if  a  shrinkage  of  the  corpuscle,  which  loses  its  dis- 
coid aha|)c  and  becomes  spheroidal  or  irregularly  ilistorled, 
while  at  the  same  time  minute  nmndetl  or  spiny  projections 
appear  on  the  surface ;  of  these  spines  there  may  be  only  one 
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The  oiipa  at  red  blood-corpuBclee  is  not  fully  dolcriiiinc<l. 
Tlie  carlust  rt-d  coipuscles  of  embryonic  life  originak-  alon^ 
with  the  bloodvesHels  from  mesoblastic  cells  ("angiublasts") 
nhich  forra  a  protoplasmic  network,  in  the  substance  of 
whioh.  and  espt-cially  at  the  intersections,  nuclei  proliferate 
am)  U(K.nimulute.  These  masses  of  ninlti nucleated  pnitoplasm 
break  up,  becoming  converted  into  caviiies  tilled  with  se}»a- 
rated  cells;  the  i)eripheral  proloplaam  and  nuclei  form  an 
endothelial  lining  to  the  csivity,  which  is  now  an  incipient 
bloodvessel,  while  the  cenlnil  mass  of  nucleated  protoplai^m 
■separates  into  amcElwid  uuclcatMl  cells,  which  then  ac-tpiire 
hiemiiglobiu  and  bctTimie  nucJcati^  rtil  btiKHl-corpuscles. 
From  these  '"  blood-islanda  "  the  process  of  vessel  and  cor- 
puscle formation  proceeds  uhmg  the  protopla.sniic  strands. 

Thus  the  earliest  embryonic  red  corpuscles  are  uucleated, 
and  capable  of  »clf-reproil notion  by  indirect  division  ;  these, 
however,  soon  disappear,  and  are  replacc<l  during  the  remain- 
der of  life  by  uon-Diicleated  corpuscles. 

The  most  probable  source  of  red  corpuscles  in  the  adult 
iieems  to  be  the  honc-manotc.  As  descril)ed  above,  bone- 
marrow  contains  an  ample  network  of  expanded  vascu- 
lar sinuseH,  and  one  class  of  the  cells  of  the  marrow 
consists  of  the  eriflhroblastn,  smiill  nucleated  htenioglobin- 
oontaining  cells  capable  of  amoeboid  ninvement.  The  rcil 
coqiuscles  are  pmbably  protlucod  I'riini  these  cells,  but  in 
wliot  manner  is  not  known  ;  the  ervthntblasts  themselves  may 
perhaps  be  descendants  of  the  nucleated  red  corpuscles  of  the 
erabrvo,  continued  in  existence  by  repeated  division. 

Other  theories  of  the  origin  of  red  corpuscles  have  been 
presented,  ar*  that  they  are  produced  fr<mi  leukocytes,  or  blond- 
plateK,  or  in  the  spleen,  lymphatic  glands,  or  thymus,  but 
these  supporiitions  have  not  been  well  substantiated.  There 
is  a  constant  destruction  of  erythrocytes,  and  a  means  some- 
where in  the  body  by  which  they  can  l>e  actively  renewed. 
They  cannot  reprodu<i'  themselves  by  division  ;  and  the  only 
known  seat  for  iliiir  formation  supported  by  any  great 
probabitily  U  the  l.nu-niiirr.jw. 

Decay  of  red  blood- corpuscles  :  Erythrocytes,  like  all  other 
living  cells,  pafw  tliM'ugh  a  lifi'-cyclo  of  development,  matur- 
ity, decay,  and  death.     The  red  i»>rpuseh^  seen  in  normal 


^_      living  c 
^ft    ity,  dec 


srilL'vrURti  OF  LHUKOVilKS.  Wi 

Wliite  blood-corpnscles  (Fig.  41)  or  /eukociflex,  are  mast 
apprupriately,  perhugM,  callod  coloi-less  lilood-corpur*lert.  Tlie 
leukocytes  of  maa  are  of  ijeveml  viirieties,  differing  in  some 
particulars  Imi  riimilar  in  tlieir  gt-neral  characl*ri>iii-s. 

In  «Aa^»f  when  at  rest  they  an-  spherical,  but  duriug  their 
amceboid  movements  they  arc  irregular  and  changing  in 
form. 

a*  the  different  varieties  range  from  about  7  to  15  /t  in 
diameter,  averaging  about  10 ft;  they  are  thus  tiomewhat 
laiwr  than  the  erythrocytes.  They  are  colorless,  rcfractile, 
aO(T  granular  in  ap^tearauce. 

Their  aurfttce  is  isomewlial  adhei»ive  (unlike  the  red  corpus- 
cle?*), so  that  they  adhere  to  the  glass  in  microscopical  prepa- 
rations, and  in  the  blood-current  they  ml]  slowly  along  at 
the  edge  of  the  !«tream  on  the  wall  of  the  bloodvessel. 

They  are  of  fina^r  consiMenctj  than  the  red  corpuscles,  and 
their  form  is  not  ao  easily  affected  by  mechanical  influences 
or  changes  iu  their  environment.  If  the  density  of  the  fluid 
in  which  they  occur  be  much  increased,  as  by  the  addition  of 
salts,  they  shrive]  somewhat ;  while  if  the  density  be  dimin- 
ished by  dilution  with  water,  they  assume  the  resting  spheri- 
cal form,  liecome  swollen,  and  within  them  appear  coarse 
protophismic  gniuules  which  often  exhibit  the  Brownian 
movement. 

The  Bomber  of  Iflokocjrtaa  uu<ler  normal  conditions  is  aliout 
7500  or  8000  in  each  cubic  millimetre  of  blood ;  the  number  is 
greater  in  young  children  and  during  pr^nancy  ;  and  during 
'digestion,  us  thn-c  or  four  hours  after  a  proteid  meal,  their 
numlwr  is  normally  inercasol  al>out  one-third  (the  "  digestion 
leukocytosis").  The  leukocytes  are  therefore  far  less  numer- 
m»  than  tJic  re^I  corpuscles,  the  ratio  l>eing  normally  about  1 
white  t»  600  red.  In  pathological  condition!*  the  number  of 
leukocytes  may  vary  widely.  "Leukoirytes  do  not  oa-ur  in 
circulating  btiHtd  alone,  but  are  also  met  with  n.s  lymph  cor- 
puscles in  the  lymphatic  system  ;  as  wandering  cells  in  the 
connective  tissues  ;  in  enormous  accumulations  in  pus  as  pus- 
corpuscles,  etc. 

The  rtmctnre  of  leakocTtes  is  that  of  typical  actively  vital 
cells.  They  have  a  cell-lHwly  of  active  protoplasm,  well- 
tnarked  nuclei,  and  arc  said  to  be  provided  with  centrosomes. 
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TliL'v  liuvi'  III!  iibstirvable  [■i'll-»:iil,iit}iLT  than  mme  cnndeiisa- 
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Tlie  nuclei  vary  in  tlif  tfitlcrcnt  varieties  of  leukijcytes  as 
I.,  imniher,  futin,  size,  iiml  staining  pro|>ortjca.  The  "raono- 
Duclfar"  ItukuL-ytes  wmtaiD  a  single  niidpus  »ach.  Other 
vari«tit)8  when  stained  appear  to  contain  about  thnv  wparate 
rounded  uiiclci ;  but  mnii:  aiitlitiritius  at  prpsttnt  consider  that 
in  the  living  stnt*  tliert'  nuclei  are  in  most  ca»'S  connectod  by 
Btraudii  of  tlie  nudrar  fiubstanu',  thuH  formhig  a  mngle  very 
irregular  nucleuH  rstlier  iJian  three  separate  nuclei.  The 
]Missession  by  a  letiktK'yto  of  several  distinct  (or  multiple) 
nuclei  is  imti<-ated  by  the  term  "nolynuelear'  ;  while  the 
possession  of  single  variable  and  irregular  (or  multiform) 
nuclei  ig  designated  by  the  ttrm  "polymorphonuclear." 

In  form  the  nuclei  range  from  spherical,  through  horaesdioe- 
slmped  forms,  to  exceedingly  irregular  and  variable  coiled  and 
twisted  shagx'.'j.  Their  mzr  varie-*  from  tUonv  that  are  large 
iiTid  i.ircri[)y  lh<^  largi-st  part  of  the  cell  lo  lhoh«'  that  are  rclu- 
tivfly  snuilier. 

Thi'  nuclei  take  nuclear  and  Ihisic  nirili})«  with  more  or  leaa 
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normal  human  bluotl  are  divided  into  five  classes,  namoly : 
.imall  nioiiimuelejir,  lui^  tuunnniR'lear,  tmnsitional,  poly- 
nuolcar  (or  polymurphoniicltuir),  und  cusinophile. 
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nadCW  Icukucrte.  In  fraih  dale,  tri'itcd  wllh  arctic  Hpli  -,  g.  \.  I.  polymurpho- 
gnelear  leakoerte,  utalued:  t.  eceinopbllc  li'Uknvi'te.  llvlDg  ai^earaDCe-  ' 
odalnophlle  IpuSoiTfti     ■-•--' 
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The  small  mononnclear  lenkocyte,  or  umall  hrmjihori/ie,  is 
ahnut  6  to  «  niicrmiiilliinclris  in  diniiulcr  (uhotit  tlip  same  as 
rod  corpuscles),  and  liati  a  hinfrle  large  s(ilirrit"al,  deeply  stain- 
ing nnclcus,  siirroiiiKlHl  h_v  a  i^niall  amiiiint  of  faintlv-stain- 
ing  nr>n-graniilar  pn)topla«m,  which  forms  a  small  celUbody. 
Morpholopieally  and  genetically  it  is  similar  to  or  identical 
with  lympli-corpii?<;les. 

The  lATge  mononuclear  leukocTte,  or  /'ir(/e  Ij/niphoci/te,  the 
Inr^^est  corjMi^lo  of  norniid  IiIchmI,  is  1 2  to  1 5  micmmillimetres 
in  diameter,  contains  a  sinjile,  ven'  large,  rounded  nucleus 
that  iloea  nut  stain  very  deeply,  and  has  a  large  Ixxly  of  iKin- 
grannliir,  faintly  staining  protoplasm.  Sunictimes  no  >harp 
line  can  be  drawn  between  this  and  the  ]ii'tceding  class,  all 
intermediate  gradations  i.f  size  and  cfdoralion  lieing  present. 

TIic  transitional  lenkocrte  is  like  the  large  moDonuclear 
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form,  except  lltat  its  single  large  nucleus,  tiisU-jul  lA'  l)ciiij; 
spherical,  is  more  or  less  indciiUHl  at  oue  side,  h-iiding  lowttril 
a  horseshoe  sha|>c;  the  hody-pn)tnplasm  alsii  sumeliiiies  con- 
tains a  few  line  granules.  In  the  shaite  of  it*"  niiclciiB  it  is  an 
intermediate  fnrm  between  the  large  monnniurU'ur  iiiiil  the 
polymorphonuclear  vitriety.  It  in,  however,  clostly  related  to 
the  former,  all  gradations  being  present  so  that  a  sharp  line 
can  scarcely  l>e  drawn  between  the  large  mononnclear  and  the 
transitional ;  ini  the  wtntrary  (especijilly  with  reHi)cet  to  the 
absence  of  griinides),  there  is  a  sharjvgap  between  the  tmnsi- 
tional  and  ]K>lyinorphonueleari^j:iet^3«not  Hlled  liy  inter- 
mediate   gradations.      Tnjn^^^ZlMeuJf^f'yles    are   (li'ien    to 

The  polTmorphonnclear,  pulynwJenr,  or  neiUrojthUe  U^tkorylr 
is  :iiMiiit  10  inientmiltimetres  in  diameter,  has  it  large  cell- 
body  (if  iictive  proloplusm,  eiintaining  larf^e  numbers  of  fine 
Delitrophile  (s)  granule;-,  iunl  a  very  vuriablf.  irrugulai'ly 
shaped,  deeply  staining  nucleus.  Often,  es[>eci!iily  utter  the 
action  of  reagents,  the  nucleus  upf>ears  to  consist  of  about 
three  separate,  rounded  nuclei ;  whence  until  recently  the  term 


PROPERTtES  AND  FUNCTIONS  OF  LEUKOCYTES.      101 

wall  is  woak  and  easily  ruptured,  as  the  (^rnniilos  often  ap- 
[M'ur  spreading  out  into  the  surrounding  plasma  without  any 
definite  boundary.  Intermetliate  Ibrms  between  the  eosinu- 
pbilc,  the  polymorph  on  uelear,  and  the  mononuelear  leukocytes 
are  conspicuoui^ly  absent  from  the  blotxl. 

These  difTerent  varieties  of  leukocyteB  occur  in  normal 
blood  in  tolerably  constaut  proportions  to  one  another,  aver- 
aging about  as  follows: 

Small  mononuclear  leukocytes 22  per  cent. 

I^rge  mononuclear  and  transitional  leukocytes  6    "      " 

Polymorphonui-lear  leiiki>cyte8 70   "      " 

Eosinophile  leukocytes 2   "      " 

100 

Oerasionnlly  a  stray  mast-cell  finds  its  way  into  the  blood. 
Variations  from  the  normal  occur  in  morbid  conditions  ;  the 
total  nnmU'r  of  leukocytes  and  the  n-lative  nundxT  of  the 
ditTerent  varieties  may  be  altered,  or  entirely  new  forms  of 
leukocytes  (myelocytes)  muy  appear. 

Vital  properties  asd  ftmcUoui  (j  leukocytes :  I^eukocytes  are 
tvpieal  cells,  undifferentiated  and  independent,  actively  en- 
dowed with  all  the  essential  attrihiitefi  of  vitality.  They  are 
catpnlile  of  undergoing  division,  direct  and  indirect.  They 
(especially  the  polymorphonuclears)  exhibit  active  amoeboid 
movements,  which  enable  them  to  make  their  way  through 
the  walls  of  the  capillaries  and  wander  about  iu  the  tissues. 
By  means  of  their  amceboid  movements  they  also  have  the 
power  of  surrounding  and  engulfing  within  their  protoplasm 
foreign  particles  iind  living  {Hirasites,  bacteria  and  protozoa. 
This  profs-fts  is  called  phagocyto^,  and  cells  which  engage  in 
it  are  called  phagocytes. 

The  irrf  of  pkagorytoiti*  can  sometimes  be  observed  under 
the  microscope,  as  in  c<mnecti(m  with  the  miilarial  protoitoon, 
and  is  a  remarkable  and  interesting  sight.  The  leukocyte 
seems  capable  of  recf^nizing  the  presence  and  wherealionts 
of  the  parasite  at  a  disfauce  of  many  times  its  own  diameter, 
and  moves  upon  it  directly  and  with  distinct  ])tir[>nse,  pushing 
the  red  corpuscles  aside.     By  protruding  pseudopodia  toward 
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tilt!  pnnL-'ite  and  drawing  itself  up  behiml,  it  advances  with  a 
iiwKle  (if  liKionnjtiori  resfnibliiig  that  of  a  snail.  Finally,  it 
sends  proci'sees  around  the  parastte  and  engulfs  the  latter  in 
its  body,  where  it  is  disintegrated.  The  leukocyte  seems  en- 
dowe<i  with  intelligence,  purpose,  and  a  sei«irate  individuality 
of  its  own,  vividly  analogous  to  the  psycliic  man ifeatat ions  uf 
macroscopic  animals. 

Chemical  subsljtnces  are  supposed  to  have  an  influence  on 
leukocytes,  some  attracting  them,  others  repelling  them  ;  this 
is  called  chcmatftxin.  I'osltivr  c/uviofaxU  consists  in  the  attrac- 
tii)n  of  leukocytes  toward  certain  suKstaiices,  nfgative  chcmo- 
laxia  \n  their  i'<'|iiLlr^iii[i   fmni  other  substances. 

The  functiniis  i.l'  Ifukocyles  are  not  entirely  understood. 
One  imiKirtant  |>i)r|iii-r  wliic-h  they  are  believed  to  subserve 
is  the  removal  and  di'^tniction  of  foreign  noxious  substances 
and  parai^ites,  by  phagocytosis;  they  also  play  an  active  part 
in  the  repair  of  injuriei!i,  in  immunity,  and  the  resistance  and 
reaction  of  the  body  to  morbid  processes. 

Origin  and  development  of  leukocytes :  The  stnall  monovu- 
f!ntr  Iviik'irylvit  are  dnulilless  derived  from  the  free  lymphoid 
i.-elifi  which  crowd  adenoid  lis.-iues  ;  these  undci^o  development, 
enter  the  lymph- stream,  and  are  thence  carried  into  the  blood. 
The  large  mmtonuehar  and  transitional  Icukocyfes  appear  to 
develop  from  the  smull  mononuclears,  as  intermediate  grada- 
tions between  them  are  to  be  found  in  the  Mood. 

The  source  of  the  poliimorpfumuchar  and  eottinophUe  Imko- 
cyie8  is  not  so  obvious.  They  nmy  develop  from  the  mononu- 
clear variety — or,  as  has  been  suggested,  the  eosino]>hilea 
("old  "forms)  may  develop  from  the  [Hilynuclears,  and  the 
latter  ("adult"  forms)  from  the  mononuclears  ("young" 
forms) ;  as,  however,  there  are  no  intermediate  forms  between 
^_  these  varieties  in  the  circulating  blood,  their  development 

^L  from  one  another  must  take  place,  if  at  all,  somewhere  in  the 

^^K  viscera.     Or  perhaps  the  jiolynm'lear  and  eosinophile  leuko- 

^^K  cytcs  originate  independently  in  some  of  the  viscera,  as  the 
^m  spleen  or  bone-murrow. 

^^ft  The  eosinophiles,  especially,  may  not  improbably  develop 

^^^^  in  the  marrow,  as  in  the  latter  are  found  similar  cells  contain- 
^^^P  ing  oxyphilc  gmntilcs.  Hivision  of  the  dcvelopc<l  leukocrtes 
^^F        themselves  may  he  a.  ]>urtial  means  of  their  production. 
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Blood-plates  are  also  called  (t/miil-jj/mjiifA  or  (ilatelels,  etir- 
pus(^l<'S  of  Biz7jJzero,  and  lueniutoblast:^  (^"'S-  ■t-)-     Tliese  are 
small,     ci>lor!e!^a,    hyaline, 
lioiiiogencuuri     bodiee,     of  He  4-. 

spherical  or  iliscoid  shape,  (~\    ••:■: 

between  2  aud  4  mitroniil-  -j^^"--, 

limetrcs  in  diameter,  nuni-  .■■.\  '^^^C^'^ 

l>erine  200,000  to  400,000 
ill  encli  cubic  millimetre  of 
normal  blood.  On  exposure 
to  tile  nirthey  quickly  dis- 
iatejrnite  and  disappear,  so 
tliat  s[)eeial  precautions  are  Q 

necessary  in  taking  a  «|xwi-  iiiauii  j.inttfs 

men  nf  bl'Miil   to  preserve 

them.  They  occur  singly,  or  often  gninped  together,  in  the 
vicinity  nf  granular  matter,  probably  the  debris  of  disinte- 
gfitteil  plaques.  They  oflen  form  centres  from  which  fila- 
ments of  cuagnlating  fibrin  radiate,  and  ihey  may  have  some 
rclattim  to  the  eongulati<m  of  the  blooil.  Tht-y  have  been 
called  h-ematobla^ts  under  the  idai  that  they  are  developing 
forms  of  reil  blood-eorpiis<tlefl,  a  siipjiositioii  that  has  not  been 
confirmed.  Their  origin,  purjiose,  and  signitieance  are  not 
definitely  known. 

Lympli,  the  fluid  which  flows  in  the  lymphatic  system,  con- 
sist*! of  a  linid,  the  surnm  or  plasma,  susjiended  in  which  are 
free  cells,  the  lymph-corpuscleH,  and  particles  of  fat.  The 
piti»iiM,  or  liquor  lymplitB,  is  similar  to  that  of  the  blood. 
The  l^ph-corpiMcfon  are  leiikoovtes,  like  those  of  the  blood. 
Some  of  them  are  white  enrpitsoles  that  liave  migrated  from 
the  capillaries  and  been  talten  up  from  the  tissues  by  the 
lymph-stream ;  lai^  numbers  of  them,  however,  are  of  the 
small  mononuclear  ty(>e,  ami  are  lymphoid  cells  carrie<l  out 
of  the  adenoid  tissues  through  which  the  lymph-currents  pass. 
The  chifle  is  that  portion  of  the  lyrnpli  that  is  collected  in  the 
lacteals  and  intestinal  lynipbutio ;  it  i-  of  the  nature  of  an 
emulsion,  opaque  and  wliite,  from  I  hi-  prcsonee  in  the  plasma 
of  large  nnmi>ers  of  minute  particles  of  fat  alisorben  from 
the  intestines. 
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CHAPTEU    IX. 

BLOOD-GLANDS  AND  DUCTLESS  GLANDS. 

The  lyni|ilti)i(l  glandfi  pertaining  to  tliv  lj'ni[ilmtic  mystoni 
(lymphatic  glutitls,  toiisiU,  thyiiiiiK,  »ulitary  unil  ugiiiinale 
glands,  etc.),  an;  described  elsewhere. 

Other  structures,  "  blood-glajids,"  betir  the  same  relatiuu  to 
the  blowl -stream  thtit  lymgihatie  glands  iln  to  the  lymph -strea in. 

Of  these  the  chief  representative  is  the  uplccii,  an  imptirtaiit 
gland  partaking  gnmewhat  wf  tlie  lymphoid  type,  lu  stimt' 
mammals  other  blood-glands  occur,  the  "  Iwmal  glands." 
BoHe-marroiCf  in  striittnri-iuid  fniu^tiim,  furniM  a.-cirlot  "  IjIockI- 
gland."  Of  siniihir  nature,  jierhap^,  are  the  small  coccygeal 
and  carotid  glanils. 

The  active  ductless  glands  of  the  secretory  or  epithelial 


TBE  SPLBEK. 
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The  austentacnlar  or  cud occtive- tissue  framewotk  of  the 
splitu  coDHists  of  a  firm  filiruiis  I'upsule  enveloping  llie  organ  ; 
tii'  libroiis  trul>ccul[D  or  septa,  eontinuous  with  the  cupsule, 
Iravt'rsiiigllie  organ  in  all  directious  anil  dividing  it  iiilosmnl! 
com|>artiuent!4  or  tobuleg;  and  of  an  oi>cn  retieular  ti.HBUC 
lilliDg  these  cum  part  men  ts.  This  reticuftir  tUnue,  which  is 
of  similar  character  to  the  retifomi  basis  of  lymphoid  tissue, 
con>«iet8  of  tibreu  interlacing  tti  form  o]>en  I'omniunimting 
K|>uces  or  "inwuv,  which  ant  incompletely  lined  with  etellatc 
flat  endothdioid  connective-tissue  cells.  These  spaces  open 
directly  into  the  bhwdvesaels,  and,  lilk'd  with  free  cells  of 
various  kindu,  form  the  sjtknk-  pulp. 

Snittenxl  involunUirif  nnutcfe-ee/ls  occur  in  the  capsule  and 
lai^r  trabeciilie. 

The  ample  UoodvesMls  uf  the  spleen  enter  at  the  liilum, 


i'l'Ula  ;  r,  splL'uLc  pulp;  li.  Malplghiui 


and  the  larger  branches  lie  in  the  trabeeidar  tissue  ns  tbey 
ramify  through  the  organ.  The  terminal  arteries  and  veins, 
instead  of  being  connected  by  capillarieH,  open  into  tlie  reti- 
forra  ftiniises  making  up  the  splenic  parenchyma,  so  that  the 
blood-current  percolates  through  this  H|>«Dgy  tissue  in  ils  pB«- 


lOd         BLOOD-GLASDS  AND  DUCTLESS  OLASDS. 

suge  i'roin  arttry  Uy  vein.  Toward  the  terminations  of  the 
blood ves.se Is,  (iprnings  appear  in  their  walln,  and  tlie  vessela 
become  lo:«t  in  the  sinuses,  tlie  endothelium  of  the  tunica 
iDtinia  merging  into  the  flat  counective-t issue  cells  int-om- 
pletely  lining  the  rotiouhim. 

The  parrncbyTMii  of  the  spleen  is  mostly  made  up  of  the 
splenic  pulp.  Thi^  consists  of  the  open  network  of  sintii^es 
tilled  with  plasma  and  free  cells,  some  of  whit^h  are  ]H.<cuIiar 
to  this  situation,  otiiere  derived  from  tlio  hit itKl-st ream  jiiLtHing 
thnnigh.  The  free  elements  of  thfi  pulp  are:  re<l  blood-cor- 
puscles in  great  ahnndanee ;  lymphoia  cell»  and  Ittukotivt^'S  of 
all  kinds; Targe  mnltinueleated  amo^ltoid  grannlar  i-etfM;  and 
pigment-gran uh-s,  free  or  within  the  leukocytes  and  uinrrboid 
oolls,  derivetl  from  tlie  di.sintwratiou  of  the  hfenioglobin  of 
broken-down  red  hi ood -corpuscles. 

The  spleen  is  Hiipplicd  with  lymphatic  TsHsele,  which  arc 
mudi  less  oonspiciioua  than  the  biood-sopplv. 

Scattered  abont  throiij;;h  ihe  suh-liui.-i-  of  the  sjih-cn  ;irf 
numerous  spherical  or  oval  nndiiies  or  fulliclos  of  typiwil 
lymphoid  tissue,  the  Malpighian  corpuscles.  These  occur  sur- 
rounding small-sized  arteries,  which  pierce  them  at  or  near 


mil  opens  into  the 
disapjiears,  leaving 


THE  THYROID  GI.AXD. 
The  Thyroid  Gland. 

It  an  early  embryonic  period  tliiw 
pliurynx  hy  iiii  ontlet-duct;  but  this  ^ 
tliv  ulvcili  isiilated  and  ductless. 

The  nistentacalar  connectiTe  tissue  of  the  gland  eonsists  of 
a  firm  fibrwns  cuf/xnlr  t'nvel(i|iiiijf  the  orgiin  ;  (cnftecuiE  or  septa 
[hderfobultir),  of  wimiliir  tilin.iis  tis^in',  whieli  divide  the  gland 
into  lobes  mid  lobidrs;  and  u  di;licale  iuteralveoliir  ur  tiilia- 
(•Aiuliir  tissue  liitween  and  siipjMJrtiiig  the  secretury  alveoli. 

Tlio  glandular  alveoli  are  tipherieal  ur  uval  Baecules,  without 


oiil1i't>-tlncts  and  entirely  elosed  and  isiilnted  from  one  another 
{V\g.  44).  They  are  line<l  with  a  single  layer  of  eiiboidal 
epithelium  cells  with  prominent  nnelei.  The  cavities  or 
lumina  within  the  alveoli  arc  of  considerable  size,  ate  tilled 
with  seereted  colloid  substance,  ami  thoirniai^ins  often  have  a 
ecalhijxil  appearance. 

The  hloodTBHselB  of  the  thyroid  are  exceedingly  ample,  and 
diirtributc  a  rich  capillary  network  alwut  the  Maocules. 
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The  lyxapliatics  arc  nlso  abundant,  ami  through  them  the 
secrctiou  of  the  gland  is  probably  rcmiived. 

The  f^mction  of  the  thynutl,  as  indicated  hy  Its  rich  blond- 
RUpply  and  by  tiic  stiriouB  consequents  of  loss  of  the  organ, 
is  of  great  iirjijnrtance.  Its  secretion  is  entirely  "internal," 
and  by  it^  actimi  metalwiliem  and  cell-life  are  stimiilat<^  and 
haHtene<],  olKsily  diniintehed,  circulation  is  aUcctcd,  and  the 
cerebrum  stiiuuluted. 

The  parathyroids  are  siDail  oval  ductless  gInndM  about  6  to 
10  mm.  long,  dtuuteil  near  the  thyroid,  usually  two  on  each 
side.  They  are  euvelujx'd  by  delitiute  fibrous  tissue,  and  the 
fpitkelml  colnmiut  and  ulvcoli  are  sejtarated  hy  ticltcate  tra- 
oeculse  of  similar  tissue.  The  cminective  tiMw-  is  very  vaecu- 
lar.  The  •paretidiyma  of  the  parathyroid  bodies  coiii-iittB  of 
polyhedral  glandular  e]Ht  helium -cells  nrninE«i  in  branching 
solid  columns  or  hollow  tubes,  some  of  which  ofica»ionally 
contain  secreted  colloid  nuitcriaj.  The  rpilhfliinn  cousisls 
mainly  of  dear  celU  with  large  nuclei,  not  dii-isimilar  to  the 
oellfl  of  the  thyroid  gland.  A  few  of  the  epithelial  alveoli, 
however,  consist  of  larger  cells  with  granular  oxyphile  bodies, 
whirh  took  muoli  lik«*  liver-ceils :   these  cells  arc  altopetlier 


THE  ADRKSAL  OR  SUPRARENAL  GLANDS. 


The  cortex  eonsistw  of  columns  or  ikxIuIch  of  epithelium 
iiiiiiscly  withuut  liimina),  seiKiratf*!  I>y  ileliciitc  vast'iiliir  ton- 
nective  tiiidtie.     Tbe  cpitlieliiim-cellsare  juilyhetlrii!,  granular, 
iind   .sometimes    contain   fut- 
jKiriieles.     Awonling  to  the  Fiu.  45. 

arraiigement  of  the  epithelial  Q^^^^^B^^BiSS 
masses,  the  cortex  h  divitletl  t^9^%fjt}f^^»0  m^ 
into  three  zone.- :  the  zona  re-  ^ff^S^QoX^M^.S 
ticulurijs,  zona  faaciculuUi,  i 


zona  gloraeniloaa,  from  with- 
in oiitivard. 

The  tona  rdiciUarif,  the 
innermost  zone,  consists  of  a 
network  of  epithelial  oolumni^ 
anniiln musing  with  one  an- 
other. In  the  zonn  /tincieu- 
laln,  which  comprises  the 
largi-.tt  part  of  the  cortex,  the 
epillicliitl  columns  are  straight, 
parallel,  radiating,  and  sepa- 
rate from  one  another.  In 
the  zona  tflomemlona,  which  is 
next  to  the  capsule,  the  epi- 
thelial columns  are  apparently 
o)iled  and  co'ivolulcd,  ap- 
pearinf;  on  section  as  si'iKiratc 
rounded  nodules. 

Cap^lnrirn  and  lijinph-iiim- 
mgfKwe  abundant  in  the  inter- 
coliimnar  ctjrtical  tisuue,  in 
clnee  relation  with  the  epi- 
thelium-columns, which  pos- 
scss  no  ha.senient-mcml)rane3.      (Ei«rihi.    i,  ooriui ; 'J.  mwiuiu. 

The  medulla  of  \\\,-  :i.iniials 
is  quite  di-titui  tV'.ni  the  cortex  and  cimsist^  of  epithelial 
masses  ami  ahundaiii  bloodvessels,  lymphatics,  and  nerves, 
supported  in  delit-ate  connective  tissue.  The  epUbetuim  is 
amngetl  in  branching  and  anastomosing;  ncMlules  and  columns 
t»rcl(»ed  tulws;  the  cells  are  polyhedral  or  columnar.  Capil- 
laries are   niimerons  and    lar^    venous  sinuses  are  present. 
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Nerve-fibres  and  sniftll  norve-oells  are  abuiidant  in  the 
medulla. 

The  medullary  jwrtion  of  the  adrenals  is  sai<l  U>  be  of  epi- 
blantiv  onffin,  an  outcrowth  fii)m  the  primitive  spinal  a>rd, 
while  the  rortex  is  derived  fnini  the  mesohlast. 

Tlic  inlenidl  tiei-ivtion  of  the  a<ireiu)lH  eeenis  to  be  a  pnwer- 
fiil  wnif^triftiT  fif  the  bloodvessels  and  is  alsii  pmbably  a 
iiervdus  riiiniiiliiiit.  The  nrgiiu  is  by  some  regarde<l  as  a  part 
of  the  nervous  system. 

The  pituitaiy  body  (hypophysis  cerebri) :  The  poMerhr  luftf 
of  this  Wly  is  a  iicrvniis  and  librnus  Btriietiire,  derivwl  fmm 
and  a  part  of  ilu'  brain.  Tlie  anUtinr  lobe  of  the  pituitary  is 
of  the  naturr  ul'  lui  epithelial  ductless  gland,  lieing  embry- 
onically  an  epiilieiial  outgro\¥th  from  the  primitive  pharynx, 
whicli  is  afterward  cut  off.  It  eonsist^  uf  colummir,  clQaed 
tubular,  or  rounded  acini  of  polyhedral  epithelial  cells,  sepa- 
l-ated  by  fibnms  Mt-ptn.     The  ;icirii  an-  wilid  ur  a  few  niav 

Eossess  luDiina  containing  colloid  material.     Most  of  the  cells 
ave  clear  Imdics,  but  some  are  granular  and  iixypbilo. 
The  pituitary  is  supposed  to  produce  an  inlcriial  secretion 
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CHAPTER    X. 


THE    ALIMENTARY    SYSTEM. 


The  aUmeataiT  tract  is  an  npparafiis  in  which  fooc],  the 
tTude  material  of  ivliich  the  iirganism  is  hiiilt  up,  if  receivi-d 
and  digested  liy  llie  netion  <jt'  vuriniis  secret iimg,  the  elab- 
orated products  ahsorlxMl  into  the  circiiIatuiD,  and  the 
detritus  dis<'harge<!.  It  is  n  comjilcx  niccbanism  with  many 
varied  parte  and  functions,  all  working  harmoniont^ly  to- 
gether. It  constats  essentially  of  a  long  cniled  niuseiilar 
tube,  ihe  atimentar)'  canal,  ojiening  at  each  end  on  the  surface 
of  the  body,  the  walls  of  which  contain  glandular  .ilnicturcs 
which  secrete  fluids  and  jmur  tliciu  iulo  tlic  cuual  to  ;ict  nn  the 
raw  focKUniaterials,  so  as  to  lil  tln'Jti  I'nr  ;iliMjr]iliiiii  ;in<l  nutri- 
tion. They  also  contain  al.M.rbcLil  visscls  l.y  which  ihe 
digested  and  elaborated  fiiud  is  iiilaidiiccd  into  lliccirculalion. 

The  different  parte  and  organs  of  this  system  are  the  month  ; 
teeth;  tongue;  salivary  glands  ;  tonsils  ;  pharynx  ;  (esophagus; 
stomach  ;  small  intestine;  large  intestine;  rectum  ana  anus; 
peritoneum  ;  liver  and  pill-blaildor,  and  pancreas. 

The  Mouth. 

The  linmg  of  the  month  consists  of  mucuus  membrane, 
which  over  iht  lip  fl  lor  of  iht  mouth,  cheeks,  ami  soft 
[Kilate  rests  ujM  II  tli  Mlunlur\  muscles  in  those  situations; 
and  liver  the  Ih  n\  pirl--  the  niaxilliry  and  palate  bones,  rests 
upon  the  poric  -tcnm 

The  mucous  membrane  of  the  moutli  is  continuous  with  that 
of  the  pharynx  jin<l  tongue  ind  w  ith  the  skin,  and  in  structure 
tfl  similar  to  the  latter  It  eon-Htr'  of  an  epithelial  lining,  a 
tunica  propria,  and  submuioou 

The  epithe/iftl  layer  is  tin  reprcstntative  of  the  epidermis 
of  the  skin,  and  coiip-i-t-.     I  --iriiihul  sipiamous  epithelium. 


Ml-    ('(Hllli'cl  1\<'-I  I--IK'     -I  I'licl  lll't'    ell 

('ulT<-|»Mii<  li  ii:_^-    |;i\(l'  •>!     (lie   cllll-    \('l'a. 

tlir  tiiiiii-.i  ]>i"<»|>n.i,  .-I-  III  tln'  -kin,  i-  lli 
>iii;ill  i"(Hiihl(Ml  elevations,  or  jKijiliicfy  i 
the  epitlieliiim  ;  the  intervals  between 
with  epithelium-eel  Is. 

The  fiuhmucoHa  consists  of  a  variable 
connective  tissue  extendi U]^  from  the  t 
underlying  structures.     It  contains  nuni 
mueoics  gtanda,    whose   ducts   open    on 
mucous  membrane.     Diffuse  lymphoid  ti 
submucosa  in  places,  especially  in  the  vit 

The  Teeth. 

General  structure :     The  teeth  present 
crown,    projecting    above    the     gum ;    t 
the  gum  ;  and  the  neck,  at  the  junction  o 
and  47). 

Each  tooth  is  made  up  chiefly  of  denth 
on  the  crown  by  enamel  and  on  the  fang 
cement.     The  interior  of  the  tooth  is  a  ca 
dentine,   called    the    pufp-caviftf,    filled 
or  pulp. 

The  enamel  is  of  epiblastic  and  epithel 
tine  and  crusta  petrosa  are  forms  of  conn 
of  mesoblastic  derivation . 


THK  TEKTfl. 


fibres,  like  the  fibres  of  Sharpcy,  whicli  {wnetrat^i  Inrth  l!it 
Umv  and  the  pni!sta  petrosa  u  siiort  dirilanci!  ami  liultl  tlie 
U»'ih  firmly  in  place. 

The  enunel  ol'  ihf  tcetli  is  a  very  hani  mineral  (caloarediis) 
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suhstancp,  almost  entirely  fn*  from  organic  matter,  whicli 

iiiveF<t»   the   orown.     It  is  ilisposed    in    plemier   straiglit   or 

stiglitly  wnvy  roils  or  prismR,  of  about  six  sides  each,  whieh 

are  in  general  perpendicular  to  the  suriiice  of  the  dentine,  and 

The  rwls  exhibit  fine  transverse 

markings.       At  eruption  and 

nntil  worn  ott'  by  attrition  the 

enamel  is  eovei^ed  with  a  thin 

epithelial    cuticle,    the    mrm- 

bitinf  of  Niimii/th,  the  remains 

of  the  enamel-organ. 

The  cmsta  petiosa  is  a  thin 
layer  of  bone  formed  over  the 
surface  of  the  fang  of  the 
tooth  bv  the  osleogenctie action 
of  ihe  ])erin(iontal  membrane 
which  invests  it.  It  is  made 
np  of  bony  Uimellif  of  the 
jieripheric  ty]ic,  with  the  ehar- 
actcri.-ilie   laeunte  and  oanali- 

The  dentine,  or  ivorj-,  which 
forms  the  bulk  of  the  tooth,  is 
a  connective-tissue  structure, 
impregnated  and  hardened  by 
calcareous  salts.  It  contains 
lai^  numbers  of  minute  chan- 
nels or  passage^:,  the  devtinal 
tiihules,  straight  or  slightly 
wavy,  with  short  lateral 
branches;  they  are  parallel  to 
one  another,  run  iJerjiemlirnlar 
to  the  surfaiv  of  Ihe  dentine, 
and  open  into  the  pnlp-cavity. 
1.  foisin  pel"""'.  siii'wiiiB  li'")'  Each tubule contalnsa «?Mi/(«((/ 
i"r"'^'--t"-inmu'l«r'  uVl'r"i.?'ru":  Pre,  A  pFoccss  from  one  of  the 
kiiije;  a.deminiii  iiibuiev  odontoblasts     or    connectivc- 

tissne  cells  in  the  pulp-cavity. 
Surrontiding  each  tiibnle  is  a  limlinaf  nhmtb,  a  mendiranous 
portion  of  the  caleitied  iiiatrix  esiK-cially  ivsistant  to  the  action 


1 


I 

J 
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of  acid.  The  curves  or  undulations  of  the  various  tubniee 
o^rrespond  to  one  anotlier,  and  appcfir  macrosco|)ic:illy  as  con- 
oentric  lines,  the  liiif*  of  Scbrcger, 

The  jforipheml  portion  of  tlie  dentine  contains  numerous 
stellate  spates  comninnicating  with  tlie  tubules,  and  in  the 
fiinp  unth  the  canaliculi  of  the  cru.stu  petrosa ;  theiw  arc 
called  Interi/lohu/itr  upacfn  or  liaUinal  Immna,  and  from  its 
granular  ap[)earance  the  zone  where  they  occur  is  called  the 
granular  layer  of  Purkinje.  These  lacuniie  are  djiuces  left  by 
incomplete  calcification,  and  contain  (at  leattt  at  an  oarly 
period)  stellate  connective-tiiwue  cells. 

The  hii;rnu-iit'il  I'ufx  of  Stilfcr  are,  roughly,  concentric  lines 
formcHl  by  iott-rjilolmlar  spaces  filled  with  an  ini[)erfectly 
oik'ilici]  niatcri:!!  ;  tiicy  indicate  successive  zones  of  culcilica- 
tiou  of  tlie  dentine. 

The  palp-cavity  is  a  space  in  the  interior  of  the  ('H)th  en- 
tirely enclosed  by  the  dentine,  except  at  the  apices  of  the 
lang:!.  where  the  vessels  ami  nerves  enter  from  tlin  dental 
canals  in  the  m^ixillary  bones.  The  pulp  consiists  of  delicate 
connective  tissue  intermingled  with  bloodvessels  nnd  nerv<». 
Alxmt  the  periphery  of  the  pulp-caviry,  lining  the  dentine 
which  forms  its  wall,  is  a  layer  of  modifieil  connective -tissue 
cells,  called  o(lontobla«U,  hmg  columnar  or  pymniidid  cells 
lyinfi  i>erpendicnlar  to  the  dentine  and  sending  pn>ces.ses,  the 
dentinal  fibres,  into  the  dentinal  tubules, 

Derelopment  of  the  teeth :  The  ennmel  is  develojuHl  from 
epithelium,  the  remainder  of  the  tooth  fn>m  the  subepithelial 
connective  tissue.  Mi(r[)iiijli);;ically  teeth  are  usually  n-garded 
as  modifications  of  the  iwipillre  (jf  the  mneous  luenibranc.  At 
the  ticginning  of  the  development  of  the  teclh,  the  ejiithelium 
of  the  mucous  membrane  on  the  edge  of  the  jaw  gniws  ili>wu- 
wanl  intj)  the  snbmu«ms  tissue,  dividing  into  a  process  for 
each  tooth.  These  processes  expand  lielowand  narrow  above, 
forming  hemispherical  epithelial  nia.sscs,  called  enaiiiel-orffane, 
whose  connertion  with  the  surface-epithelium  finally  becomes 
entirely  cut  off  or  reduced  to  a  mere  thread  nf  epithelial  cells. 
Meantime  benejith  i-uch  enamel-oi^n  the  con  met  iM'  ti>sii<' 
becomes  vttseuUir  and  rich  in  cells,  forming  :i  /i'i/i!//a.  nliich 
grows  upward,  pu^hin;;  its  way  int<i  and  in\':is:iii:niiifr  tlje 
lower  surface  of  the  i-iiauiel-orgiin,  so  llial  the  latter  forms  a 
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perip 
layer 


sort  of  howl  over  it,  Tbe  connective-tissue  cells  at  the 
wriphery  of  the  papilla  become  moditie^l  and  arniiigcd  in  a 
ijer  of  orhiitob/a^n,  which  then  produce  the  dentine. 

The  enamel-organ  coiiBists  of  epithelium  cells  at  first  like 
those  of  the  lower  or  germinal  layers  of  the  mucous  mem- 
brane. The  outermoBt  layer  uf  cells  of  the  enamel-orgau 
become  of  a  columnar  or  cuboidal  type,  while  the  interior 
cells  degenerate  into  a  pulpy  mass  of  branched  cells  with 
anastomosing  proccAses;  the  cells  ("adamantoblasts")  on  the 
lower  surface  of  tlic  enamel-oi^an  liecomc  esjiecially  long  and 
columnar,  and  these  cells  secrete,  or  become  transformed  into, 
columns  of  enamel  resting  ou  the  surface  of  the  dentine. 

The  cnisfit  pelroivi  is  bony  matter  subsequently  deposited 
on  the  fangs  by  the  osteogcnetic  action  of  the  perioilontal 
membrane. 

The  permanent  teeth  arc  formed  in  a  similar  manner  to  the 
temporary  teeth,  their  enamel-organs  being  developed  from 
buds  given  off  from  the  epitlielial  processes  which  form  the 
enarael-orgaus  of  the  temporary  teeth. 

The  Tongue. 

Oeneral  stmctare ;  The  tongue  consists  of  a  mass  of  volun- 
tary niiiscle,  covered  with  mucous  membrane,  and  contains 
small  fjliuid.s,  lymphoid  tissue,  bl<X)d  and  lymphatic  vessels, 
the  terminals  of  the  special  sense  of  taste,  and  other  nerves, 

The  mOBCular  anbatance  of  the  tongue  is  made  up  of  fas- 
ciculi of  voluntary  muscle- fibres  interlacing  and  running  in 
all  directions,  supported  and  bound  together  by  connective 
tissue.  A  vertical  iibrous  septum  divides  the  tongue  into  two 
lateral  halves. 

The  mticons  memliraBe,  which  is  continuous  with  that  of 
the  mouth  and  pharj'nx,  is  made  up  of  the  usual  three  layers, 
of  surface-epithelium,  tunica  propria,  and  submucous  tissue. 

The  epithelial  covering  consists  of  stratified  squamous  epithe- 
lium, the  surface-cells  becoming  rather  horny ;  it  is  very 
similar  to  that  lining  the  mouth  and  to  the  Malpighian  layer 
of  the  skin.  The  tunica  pr<ipria  is  a  firm  fibraus  membrane 
supporting  the  epithelium  and  giving  strength  to  the  mucous 
Qiembraue.      The  submvcosti  consists  of  areolar  tissue  con- 


tiniious  with  the  connective  ti.-a<ite  investing  the  nmscle-fas- 
ciciili  in  the  interior.  The  gfamU  oi'  the  tongue  arc  of  two 
kinds,  mucous  and  serous. 

The  mwou»  glnniU  arc  small  nu-cnn >.-ie  glands,  occurring  in 
considerable  nnmlKrs,  and  Hitiialci)  in  the  submucona  and 
between  the  muscular  fasciculi. 

The  serous  gf»nd»,  or  glands  of  Ebner,  are  small  racemose 
glandf  occurring  in  the  vicinity  of  the  circumvallatc  jiapillie 
and  discharging  their  watery  secretion  into  the  furrows  sur- 
ivunding  these  [lapillte. 

Nodules  anil  manses  of  ti/mphoid  limme  are  abundant,  under- 


neath  the  epitbelium,  at  the  base  of  the  tongue,  forming  the 
eo-callol  llvffiin/  tiiiinit.  The  tongue  is  amply  puppliwi  with 
blood-  and  lymph  vessels  and  nerves  of  motion, general  sensa- 
tion, and  sjRiiid  l;iste-sense. 

PapiUffi  of  the  tongne(Kigs.  48,  49,  M):  Oil  the  upj^r  sur- 


vmblsredpomte.     Thej  are  lower,  CU 


.J 


,  /^5^^ 


rounded  tops.     Tliev  con^i.t    r 

jeetinc  fm.n  th,  "!^:  "'""'•'  'f  '  ™»n"tive- 
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themselves  do  not  project  much  above  the  liurruuacling  gur- 
fuce,  but  arc  depressed. 

Scattered  about  iu  the  epithelial  eoveringof  the  sides  of  the 
furrow  are  nunieruus  ftmte-biuU  or  iastr-gohfein,  oval  Iwdies 
□mde  up  of  modified  epithelium  and  containing  the  terminals 
of  the  nerves  for  the  special  sense  of  taste. 

The  nct-ouii  ff/ajidn  of  Ebner  open  into  the  bottom  of  tlie 
furrows,  their  watery  secretions  apparently  aiding  the  solu- 
tion ami  dissemination  of  sulislauees  acting  on  the  tast«-termi- 
nals. 

The  foliafe  papilliE  rousist  of  a  few  parallel  folds  of  the 
mucous  membrane  on  each  side  of  the  base  of  the  tongue, 
forming  alternate  ridges  and  furrows  rather  than  papuls!. 
They  are  better  develope<l  in  some  of  the  other  mammals,  as 
tlie  rabbit,  than  in  man.  The  sides  of  their  furrows  contain 
taste- buds. 

The  taste-bnds  are  terminals  for  the  si>eeiul  sense  of  taste, 
and  oit-nr  in  the  sides  of  the  furrows  of  the  eircumvallate 
and  foliate  papillte,  with  a  few  scattered  about  in  the  epithe- 
lial layer  of  the  base  of  the  tongue,  the  lingual  surface  of  the 
epiglottis,  and  the  soft  ])ulate.  They  are  oval  or  egg-shaped 
bodies,  with  the  long  axis  extending  through  the  entire  thick- 
ness of  the  epithelial  layer,  perpendicular  or  slightly  oblique 
to  the  surface.  They  are  made  up  of  two  kinds  of  modified 
epithelial  cells,  the  external  cortical  cells,  and  the  internal 
gustatory  cells.  The  outer  or  cortical  celi»,  also  variously 
called  protective,  sustentacula r,  suptmrting:,  and  tegmental 
cells,  are  long,  slender,  flattened,  and  fusiform  cells,  each 
with  a  prominent  nucleus  near  its  middle. 

These  cells  are  arranged  longitudinally  so  as  to  form  an 
oval  l»ody  or  covering  for  the  ^mtaiory  ekU,  which  lie  in  the 
axis  of  the  taste-bud.  The  latter  are  very  slender  linear 
neiiro-epithelium  cells,  with  lai^  nuclei  near  their  middle 
causing  a  bulging  at  that  iM>int.  They  extend  the  entire 
length  of  the  taste-bud,  surroundeil  by  the  cortiod  cells. 
Their  outer  ends  terminate  in  fine  hairs,  reaching  the  surface 
of  the  mucoas  membrane  through  a  minut(>  opening  or  pore 
Nt  the  ajKJx  of  the  tasfe-hud  ;  their  inner  ends  are  slender  or 
branched,  and  are  supposed  to  conimnnieate  with  fibres  of  the 
special  nerves  of  taste. 


saccuk-s  Mild  iliiPts  Hiippurtot)  in  sustentai 
into  lolx-'s  and  loliules,  and  well  Euppli< 
lymphuticH,  and  nerves. 

Tne  saelenUieviar  ermiicciivF  tistnir  consi 
capsule  enveloping  the  entire  gland,  st: 
(interluhular  liepta)  wliicli  sepamtc  the  ^ 
bear  the  lai^r  vessels  and  nerves  and  the 
and  of  delicate  intralobulur  tissue  penetrat 
vidua!  saceules,  and  forming  JtaHement-in 
Bumwirt. 

The  vllimaU  «ocei(/f«  or  alveoli,  lli 
tbe  glands,  are  lined  with  polyhedral  or  s] 
epithelial  cells  of  tbe  tterous  or  raucous  ty 

The   interlobular   duats  are   lined    wit! 
epithelium-cells,  which  toward  their  attachM 
with  longitudinal  strise  or  roils. 

In  the  inirahbitlnr  and  inttrmedlate  dac 
cells  forming  the  lining  become  lower  and  i 

The  salivary  glands  are  amply  supplied  i 
capillary  plexus  snrrounding  tbe  various  sa 
p/uiHai  consist  of  lymph-spaces  between  1 
system  of  vessels.  Fine  terminal  noTre-JUa 
to  the  secretory-epit helium  cells  in  great  abii 
of  the  well-linown  great  power  which  i 
exert  on  the  secretary  action  of  the.=e  glan 

The  different  salivary  gland.-'  vary  ei-sei 
(■hanictfr  of  their  .■^■irtoiTeli^mHi^ 
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iin  and  lend  to  fill  the  lumen,  contain  more  granules,  and  stain 
less  d«!eply.  In  the  exhnudnl  condUioii,  when  the  secretion  is 
dJMhai^ed,  the  celU  are  inmewhat  contracted  anil  smaller, 
leaving  the  Imnen  lai^er,  and  apjiear  darker,  more  upatjue, 
I  the  rondensation  of  the  proto- 


'2n:t: 


anil  more  deeply  siained  I'm 
[diuni. 

In  ihi;  snblingnal  gland,  which  is  of  the  i 
alv<^)li  are  rather  larnor  limn  in  the  serous  parotid,  a 
a  pmminent  lML-iemcril-mi.'tnhnine.  The  cells  lining  the  alveoli 
are  of  two  ItiniU,  iht-  onliniiry  mucin -secreting  (central)  cells 
ukI  the  peripheral  or  demilune  cells. 

Fio.  51. 


The  former  make  up  much  the  liirper  part  of  the  gland  and 
form  a  single  layer  of  splieruidal  epithelium-cells  lining  the 
lumen,  and  (ex<^pt  where  the  demilunes  Hrr  situated)  resting 
U|i<>n  the  ha-tement-membrane.  These  cells  are  of  the  type 
chHracteriHtte  of  mucous  glands ;  when  resting  and  distended 
with  secretion  they  art'  swollen,  and  except  whore  their  borly- 
prutupla-im  and  nuclei  are  pressed  toward  the  attached  bases 
the  cell-bodies  are  dear,  transparent,  and  do  not  stain  deeply. 
After  exhaustion  and  iliwharge  of  the  secretion  by  prolonged 
activity,  the  cells  Ixvime  smaller,  le**  etear  and  tmnajiarent, 
■nd  the  more  concent rnli-d  protoplasm  stain*  more  deeply. 

Id  places  between   the  mucinogenous  or  central  oclls  are 


(;\liiiust(Hi  cells  which  Lave  not  tuken  p 
prorf:ss,  others  still  as  being  of  the  aeroiis 
The  submaxillary  gbaA  \h  mixed,  some 
serous,  like  the  jiarotid,  others  uiucoiia  ! 
like  ttie  siihliti^ruaJ. 

The  Tonsils. 

The  tonsilB  (Fi^.  52)  are  lymphoid  glai 
the  pillars  of  the  fuiicee  on  PAch  side.  Tl 
gatioiis  of  lymphoid  tissue  enveloped  b 
formed  by  a  condensation  uf  the  submucoi 
They  are  covered  by  the  oral  mucous  mei 
the  superior  mnstrietor  mnscles  of  the  phi 

The  miivous  mcmbmne  forming  the  s 
dipf(  down  into  n  number  (ten  to  fifteen)  oi 
or  rri/jiti',  or  follieW,  each  of  wliich  is  lint 
tiiin  of  the  stratified  squamous  epithelium 
adenoid  tissue. 

Mucovit  fffanth  are  present,  which  <lischa 
The  lymphoid  eflln  infihrate  the  tuuieii  pro 
so  densely  ftH  to  obscure  it ;  they  even  pe 
cpillii'lial  eells,  often  mnking  the  tioumlary 
li:il  hivfr  and  the  snlijaeent  lymphoid  tinsi 
lvi(iplir)ici  eells  make  their  way  entirely  tl 
linrii  in  some  number,  and  upjK-nr  in  the 
corpuselcs. 


geneoiis  miico-seriiiis  thnd  luit  cxhiliitiiig:  any  ffuturea  to  the 
lukroscope;  but  uh  it  occurs  in  the  nioiitli  it  ctiutjiiiiij  a  few 
adventitious  cIcmoDti?,  those  derived  from  the  local  tissues 
being  epithelium-cellf,  Icukoojtes,  and  salivary  corpuscles; 
while  bncteria,  finigi,  t(>od-|mrtic]e!i,  and  other  foreign  objectM 


r 


impuMHl  partlj'  uf  « 


of  extraneous  ori(rin  may  be  present.  The  epithelial  cells 
present  are  laiye  trani^parent  wiiiamouH  cells  with  prominent 
nuclei  and  coarse  jrrannles  in  the  body  of  the  cell ;  their  edges 
arc  often  curled.  The  leukocytes  that  may  be  prewnt  are 
Buoh  as  have  wandered  from  the  bloodvessels.  Tne  salivary 
corpuscles  arc  lymphoid  cells  escaitcd  into  the  mouth  from  the 


Itii-i/  iriii-t  unfl  ia  lined  with  ciliated  g\»\ 
|tarl  lielimi^  to  the  alimentan/  tractand  is  I 
epithfliuni. 

Tiic  macoQS  membrane  of  the  pharj'iix 
that  of  the  adjacent  rtivities,  and  consist 
epithelium,   tunica    propria,   and    submuo 
mucous  glands  and  lymphoid  tissue. 

The  epUhflud  lining  in  llie  upper  or  resi 
the  pharynx  consista  of  stnitified  ciliated 
tinuous  with  that  of  the  na.sal  fossie  and  1 
in  the  lower  or  alimentary  portion  it  cool 
squamous)  cells.  I 

The  tunica  propria  is  a  well-marke<l  fil 
which  in  the  lower  part  of  the  pharynx  has  { 
among  the  squamous  epithelium. 

The  mihmuGoita  is  a  layer  of  areolar  tissa 
mucosa  with  the  fihmus  and  muscular  tiss 
containing  numerous  small  racemose  mucouf 
ules  of  lymphoid  tissue. 

The  Iffmphfiid  nodiUes  often  have  crypts, 
tonsils.  There  is  a  special  collection  of  ly 
the  itosterior  surface  of  the  ])harynx  betweei 
tubes,  called  the  pknn/ut/rnl  tunnil, 

Tlic  flbrooB  coat,  or  plinr/pii/iii/  uponeuroak 
menibnine  lying  undernpalh  the  mucous  m 
al>ove,  and  bctwming  thinner  below.  Post* 
ened  to  form  the  median  ntohc.  ^^ 


THE   (ESOrn.iOVS. 

uurinis  membrane  like  that  of  the  month  aiiH  pharynx,  "f 
whose  walls  it  forms  a  portion.  The  epitheliul  wivcring  mn- 
sit^t*  of  8(juamoui4  epithelinm,  except  at  the  upper  part  of  the 
[x»iterior  surface,  where  it  is  ciliated.  Mucous  glands  auii 
lymphoid  tissue  arc  uhnniliinl. 

The  (Esophagus. 

The  (Bsoplugiis  is  a  tube  whose  walls  consist  of  four  coats, 
muoona,  submucous,  muscular,  uiiil  librous,  from  within  oul- 
wani. 

The  mncooB  membnuie,  which  when  the  a'.wphagus  ietcol- 
lap.sei]  is  thrown  into  longitudinal  folds, consists  of  the  epithe- 
lial covering,  the  tunica  propria,  and  the  muscularis  mucose. 

The  epithelium  lining  the  lumeu  of  the  tube  (Fig,  11)  is 
composed  of  t^tratifieil  wiuanious  cells,  flattcne<l  on  the  surface 
and  gradually  becoming  thicker  and  more  spheroidal  in  the 
lower  layers;  it  is  similar  to  and  continuous  with  the  epithe- 
linm of  the  pharyngeal  mucous  membrane. 

It  is  underlaid  by  the  tiintea  pruprifi,  a  deiiwe  fibrous  layer 
from  the  surface  of  which  papillas  project  upward  into  the 
epithelium. 

The  muneii/ariit  miicoiKr  is  a  thin  layer  of  involuntary 
muscle-cells,  longitudinally  arrangitl,  sc|Htniting  the  mucosa 
from  the  auhmuc<isa.  It  is  not  present  in  the  up|>er  (wirl  i>f 
the  a'90pliagus,  but  ap|>cars  below  in  scattered  strands,  gradu- 
ally increases  downward,  and  in  the  lower  part  of  the  tut)e 
forms  a  well-marked  complete  rinjr. 

The  sabmncoBa,  next  below,  is  a  layer  of  loose  areolar  tisane, 
which  permits  the  longitudinal  folding  of  the  mucous  mem- 
brane. It  contain.s  small  racemotie  mucous  glands,  diii<.^haqr- 
ing  on  the  surface,  blood  and  lymphatic  ve;weU,  and  nerves. 

The  muBcnlar  Iafw,  which  lies  beneath  or  outside  of  the 
submucous  coat,  is  compose<l  of  lw<t  coats,  an  inner,  in  which 
the  muscle-cells  are  arranged  circularly  or  trnfisvmiely ;  and 
an  outer,  in  which  they  are  lonijitvdinah  In  the  upper  [K>rtion 
of  the  (esophagus  the  muscle  is  striated  and  voluntitry,  in  the 
lower  portion  non-striated  and  involuntary';  in  the  middle  it 
is  mixed  and  exhibits  a  gradual  trunsiiion  from  one  kind  to 
the  uther. 
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on  and  tend  to  fill  the  lumen,  contain  more  granules,  and  stain 
less  de^iply.  lu  the  exhausted  condition,  when  the  secretion  is 
discharged,  the  cell:i  are  somewhat  contracted  and  smaller, 
leaving  the  lumen  latter,  and  apj>ear  darker,  mure  opaque, 
and  more  deeply  slaiued  from  the  condensation  nf  the  proto- 
plasm. 

In  the  flublinKiul  gland,  which  is  of  the  mucous  type,  the 
alveoli  are  rather  larger  than  m  the  serous  parotid,  ana  liave 
a  prominent  basement  membrane  The  cells  lining  thealveoli 
are  of  two  kind-  the  ordmin  mucin -secreting  (central)  cells 
and  the  peripheral  or  demilune  cells 
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cella  and  demf- 


The  former  make  up  much  the  lai^r  part  of  the  gland  and 
form  a  single  layer  of  spheroidal  epithelium-cells  lining  the 
lumen,  and  (estx^itt  where  the  demilunes  are  situated)  resting 
up»m  the  basement- membrane.  These  eclla  are  of  the  type 
characteristic  of  mucous  glands  ;  when  reMtinK  and  distended 
with  secretion  they  ar^'  swollen,  and  exeejtt  where  their  bo<!y- 
protoplasm  and  niutlei  are  pressed  towani  the  attached  bases 
the  cell-lxxiies  are  clear,  transparent,  and  do  not  stain  deeply. 
After  exhaustion  and  discharge  of  the  seerctiim  by  prolonged 
activity,  the  cells  Iwcomc  smaller,  less  clear  and  transparent, 
and  the  more  concentrated  protoplasm  stains  more  deeply. 

In  places  between  the  muciiiogenous  or  central  cells  are 
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sitiiatetl  wedge-sliapeil,  pyramidal,  or  ci-escentic  bcMlies  called 
tlie  tre»eeiUs  of  Gitmuxzi  or  demilunes  of  Ilekleiihain,  «icli  of 
which  ia  made  up  of  a  few  opaque  granular  deeply  atuining 
dark  cells.  The  signiticance  iif  these  demiUme  cells  is  quite 
unknown,  though  several  views  as  to  their  nature  have  heen 
projiounded,  souie  n'garfiiug  them  as  younger  germinal  cells 
destiued  to  develop  intu  muciuogeuous  cells,  others  as  old  and 
exhausted  cells  which  have  not  taken  part  in  the  secretory 
pi-ocesf!,  others  still  as  heing  of  tlie  serous  type. 

The  submaxillary  gland  is  mixed,  some  of  its  alveoli  l^eing 
werous,  like  the  ji.initid,  others  mucous  and  with  deniiluneti, 
like  the  Kul>liuf;iiul, 

The  Tonsils. 

The  tonsils  (Fig.  !)2)  are  lymphoid  glands  located  between 
the  pillars  of  the  fauces  on  each  side.  Thev  consist  of  aggre- 
(jnlions  of  lymphoid  tissue  enveloped  by  a  fibrous  capsule 
formed  by  a  condensation  of  the  submucous  eonnet-tive  tissue. 
They  are  covered  by  the  oral  mucous  membrane,  and  rest  on 
the  superior  constrictor  muscles  of  the  pharynx. 

The  mucous  membrane  forming  the  surface  of  the  tonsil 
dips  down  into  a  number  (ten  to  fifWn)of  blind  depressions, 
or  crmt9,  or  follicles,  each  of  which  is  lined  with  a  continua- 
tion of  the  stratified  squamous  epithelium  and  surrounded  hy 
adenoid  tissue. 

MuviiiiH  t/lands  are  present,  which  disehai^  into  the  crypts. 
The  liimjihnid  ce/h  infiltrate  the  tunica  propria  of  the  mucosa 
so  ilcnsily  as  to  obscure  it;  they  even  penetrate  among  the 
I'pitlieliid  I'clls,  often  making  the  houndan.'  between  the  epithe- 
lial liiyer  rind  the  subjacent  lymphoid  tissue  indistinct.  The 
lymphoid  toIIs  make  their  way  entirely  through  the  epithe- 
lium in  some  number,  and  appear  in  the  mouth  as  salivary 
corpuscles. 

The  lymphoid  tissues  in  the  tonsils,  Imse  of  the  tongue, 
palate,  and  pharynx  form  an  adenoid  ring  about  the  fauces  and 
pharynx.  These  structures  in  the  tongue  lunl  pharynx  are 
sometimes  callctl  the  lingual  and  pharyngeal  tonsils. 

The  saliva  as  secreted  by  the  salivary  glands  is  a  hoi 


I 


of  extraneous  oriffin  may  be  present.  The  epitlielial  cells 
present  are  large  tran^suarent  squamuUH  rolls  with  pnimiiient 
nuclei  and  eoarse  frmnules  in  the  bo<Iy  of  the  cell ;  tlieir  edges 
are  often  curled.  The  lenkocytes  that  may  he  prcs<'iit  are 
sneh  as  have  wandered  from  the  bloodvessels.  The  s 
corpuscles  are  lymphoid  cells  escaped  into  the  mouth  from  the 
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mucous  membrane  like  that  of  the  mouth  and  pharynx,  of 
whose  walls  it  forms  a  portion.  The  epithelial  covering  con- 
sists of  squamous  epithelium,  except  at  the  upper  part  of  the 
posterior  surface,  where  it  is  ciliated.  Mucous  glands  and 
lymphoid  tissue  are  abundant. 

The  (Esophagi. 

The  oasaphagas  is  a  tube  whose  walls  consist  of  four  coats, 
mucous,  submucous,  muscular,  and  fibrous,  from  within  out- 
ward. 

The  mucons  membrane,  which  when  the  (esophagus  is  col- 
lapsed is  thrown  into  longitudinal  folds,  consists  of  the  epithe- 
lial covering,  the  tunica  propria,  and  the  muscularis  mucosae. 

The  epithdium  lining  the  lumen  of  the  tube  (Fig.  11)  is 
composed  of  stratified  squamous  cells,  flattened  on  the  surface 
and  gradually  becoming  thicker  and  more  sphenudal  in  the 
lower  layers;  it  is  similar  to  and  continuous  with  the  epithe- 
lium of  the  pharyngeal  mucous  membrane. 

It  is  underlaid  by  the  tunica  propria^  a  dense  fibrous  layer 
from  the  surface  of  which  papillae  project  upward  into  the 
epithelium. 

The  mtutcufari^  mucosae  is  a  thin  layer  of  involuntary 
muscle-cells,  longitudinally  arranged,  separating  the  mucosa 
from  the  submucosa.  It  is  not  present  in  the  upper  part  of 
the  oesophagus,  but  appears  below  in  scattered  strands,  gradu- 
ally increases  downward,  and  in  the  lower  part  of  the  tube 
forms  a  well-marked  complete  ring. 

The  sabmucosa,  next  below,  is  a  layer  of  loose  areolar  tissue, 
which  permits  the  longitudinal  folding  of  the  mucous  mem- 
brane. It  contains  small  racemose  mucous  glands,  discharg- 
ing on  the  surface,  blood  and  lymphatic  vessels,  and  nerves. 

The  muscular  layer,  which  lies  beneath  or  outside  of  the 
submucous  coat,  is  composed  of  two  coats,  an  inner,  in  which 
the  muscle-cells  are  arranged  circularly  or  transversely ;  and 
an  oviery  in  which  they  are  longihidinal.  In  the  upper  portion 
of  the  oesophagus  the  muscle  is  striated  and  voluntary,  in  the 
lower  portion  non-striated  and  involuntary ;  in  the  middle  it 
is  mixed  and  exhibits  a  gradual  transition  from  one  kind  to 
the  other. 
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what  bent  nnd  coiled.  Tlie  ducts  of  thei^  gluiide  are  short, 
and  IidihI  with  a  continuation  of  the  surface  columnar 
epithelium ;  the  secreting  portions  of  the  tulniles  Juin  the 
dncts  at  the  necks  of  the  glands.  Besides  iwtaisional  goblet- 
cells,  the  fundus  or  secretory  jKirt  of  the  peptic  glands 
is  lined  with  glandular  epilheliuni  of  two  kinds,  centml  or 
chief  cells,  and  parietal  cells.  The 
ffnlraloT  chief  celln am  rather  pale, 
faintly  granular,  columnar  cells, 
which  form  a  complete  lining  to 
the  lumen  of  the  glands ;  they  arc 
supposed  to  secrete  pep:sin.  Be- 
tween them  and  the  basement- 
memhmne,  and  oft«n  causing  slight 
bulging  of  the  latter,  are  rtcattered  |    i 'j    /   / 

numerous   larger  oval    pntmineiit  i^f';]    -  -■ 

cells,  the  paridiil  cell",  supposed  ''''' 

to  be  connected  with  the  secretion 
of  hydrochloric  acid  ;  they  do  not 
form  a  complete  layer,  not  coming 
into  contact  with  one  another,  and 
do  aot  usually  abut  on  the  lumen. 
Dififerences  in  the  appearance  of 
the  cells  when  charge*!  with  secre- 
tion and  when  e.\hausted  after  di- 
gestion occur,  analogous  to  the  '-Q^^  \ 
similar  changes  in  other  serous 
glands. 

The  pi/lon'r  fflandg  (Fig,  54)  oc- 
cupy the  pyloric  end  of  the  stom- 
ach. They  are  eom|M)und  tubular 
glanda,  and  are  similar  to  the  pep-  ^'  ' 

tic  glands,  but   hiive    longer  and  h 

wider  ducts  and  shorter  secreting  '  ,;^ 

portions,    their   lumen    is    opener     i-jjoti-- ^iiina.ni.. ^.111  nami- 

and  greater  in  diameter,  they  are  ""'■ 

more  branched  (more  compound), 

and    thev  contain  no  parietal  cells,  Iteing  lined  with  rentrn! 

oellfl  only. 

The  mbepllhelitil  couuertirr  llisiu-  of  the  giislric  mucosa,  the 


128  THK  AUMKNTARY  SYSTEM. 

representative  of  tlie  ttininK  jiroprin,  is  a  loose  and  delicate 
amnective  tifisiie  extending  Ijetwcuii  the  glands  and  providing 
bascmeiit-menibranes  aud  suetentacular  tisane  f()r  their  sni)- 
porU  It  contains  a  rich  oaiiillary  jilexiis  enveloping  the 
£rlant)H.  Lymphoid  cells  are  scattered  almiit  and  dilTiise 
lyiuphuid  tissue  occurs  in  places  in  the  sulK-pilheliol  tistiue; 
lymphoid  nodules  occur  especially  in  the  pyloric  region,  where 
tney  are  catlc<i  knticalar  fflaiidtt. 

The  muKcviarin  mueoaa:  consista  of  two  thin  layers  of  in- 
voluntary muscle-cells,  the  outer  longitudinal,  the  inner  cir- 
cular ;  it  separatei  the  mucosa  from  the  .-nlmaicnsa,  also  send- 
ing muscular  branches  up  among  thu  glaml-tubes.  When 
the  stomiicli  is  contracted  the  mucosa  is  thrown  Into  folds 
or  ruga-,  jiciniiiud   Ijy  the  loose  natui-e  of  the  submucosu. 

The  submucosa  is  a  loose  areolar  tissue  lying  beneath  the 
mucosa.  It  ci'iitains  the  larger  blood  and  lymphatic  vessels. 
The  lanscnl&r  coat  of  the  stomach,  lying  l>oneath  the  sub- 
mucosi,  is  a  tliit-k  hivfr  of  involuularv  muijcle,  dividctl  in 
general  into  two  parts,  an  inner  arranged  rireularly  and  an 
outer  longitudiual.  At  the  pyloric  orilices  the  circular  muscle 
is  thickened  to  form  a  sphincter. 


THE  SHALL  lynCSTISK 

villi,  nnii  contain  two  kinds  of  t^ecrctorv  glands,  inteittinal  and 
diiiKifiiiil,  lynijiliiiid  structures,  hloodvcM^ls,  lymphatics,  and 

The  mncouB  membrane  is  thrown  into  transverse  and 
ohiiqnc  foldM,  the  rah-u/tr  cnunirejiteH.  Its  free  surface  is 
misrd  in  papillary  pmjectinns,  called  t>ilU,  between  tlic  basea 
of  which  (he  intestinal  glands  dip  down.     The  mucosa  con- 


AalAl  uMlon  of  vllliis  (KiillMltllibyi.  'MT^IWIinin  ;  b,  kmI):p<-mI.  . 

Umim  cell  uf  bMenitntiin'raliiKiie ;    ',  iniiniili  inimtlu-wlln;  /,  reUculum  or 
tuolea  imiprla;  g.  rviilnl  Inclrsl. 

wats  of  n  lining  uf  simple  columnar  epithelium,  which  differs 
somewhat  in  the  villi  and  the  glands;  suhejnthelial  connec- 
tive tissue;  adenoid  tiwine;  bloo*l  and  lymph  vessels,  and 
tbe  mnseulari^  mncrisie. 

The  riUi  (Fig.  ^>6]  :irc  minute  club  nhajK'd  juipillie  al>out  a 
e— Hill. 
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milliriietn'  long,  which  thickly  stud  the  inner  surface  of  the 
entire  small  iiib^stine.  In  places  they  exhibit  slight  constric- 
tions, called  yi'iifnri/'g  nuilfn.  Tiiey  are  wivered  witli  a  single 
layer  of  long  columnar  epithelial  ceJl9(Fig.  13),  with  their 
nuelei  near  their  attached  bases.  The  protoplasm  of  the  free 
ends  of  these  cells  contains  tine  parallel  longitudinal  striie, 
giving  the  appearance  of  a  narrow  striated  border.  Gohlet- 
celk  are  numerous  among  the  columnar  celts. 

The  epithelinui-cclls  re.it  on  a  basement-membrane,  and  the 
framework  in  the  interior  of  the  villi  is  made  up  by  an  open 
connective-tissue  reticulum,  the  meshes  of  which  contain  free 
lymphoid  cells,  forming  a  ditluse  lymphoid  tissue.  The  core 
or  axis  of  the  villus  is  formetl  by  a  small  lacteaJ,  a  lymphatic 
capillary  or  radicle  ;  this  is  a  tube  or  sac  formed  hy  a  single 
layer  of  endothelium-cells,  with  a  blunt  or  slightly  expanded 
blind  extremity  above  (toward  the  lumen  of  the  intestine),  and 
emptying  below  into  the  lar^r  lymphatic  vessels  of  the  sub- 
muco^u,  A  minute  artery  enters  eaeh  villus  and  breaks  up 
into  a  rich  capillary  network  which  surronnits  tlie  lacteal. 
Muscular  projections  fntra  the  muscularis  muco.^wj  extend  up 
into  tiip  villi,  and  apparently  serve  by  periodical  contraction 
to  empty  them  of  their  contents.  The  function  of  the  villi  is 
to  absorb  the  digested  food-materials  from  the  intestinal  canal 
into  the  blood  and  lymph  circulations.  They  especially 
absorb  the  insolublf  and  indilfusible  fatty  matters,  which  ymss 
thniiiirh  ilii'  i'|iii]ii'Iium-cells  in  small  granules,  through  the 
retii'iiluiii  111'  i[k>  villus,  and  make  their  way  into  the  lacteal. 

The  iiil':-<liiiiil  ijliimh,  or  folli(Ue*  of  lA^erkuhn,  are  straight 
simple  tubular  glands  between  the  bases  of  the  villi,  ard  dip 
down  to  the  muscularis  mncoste.  They,  and  the  surface  between 
tlu'ir  orilices,  are  lined  with  a  single  layer  of  short  granular 
coliinuiiir  epithelial  cells,  with  nuclei  near  their  bases,  which 
rest  on  a  biisement-memhrane.  Goblet-cells  are  interspersed 
among  these  columnar  cells.  These  glands  occur  throughout 
the  small  and  large  intestines ;  they  secrete  the  inb'stinal  juice 
and  also  perhaps  have  absorptive  functions. 

The  mibrpiflielinl  ronnfctire  tlwiie  of  the  mucosa,  the  s 
logiie  of  the  tunica  propria,  consists  of  a  delicate  reticular 
tisane,  embracing  the  glands  nod  projecting  up  to  form  the 
framework  of  the  villi,  the  surface  condcn.scd  into  a  basement- 
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membrane.  It  conlaius  numenitis  lymnlioid  celU  and  diffuee 
lymptiuid  tissue,  ant)  is  richly  ttupplietl  with  lynifihatii^  aud 
ItloiHl-capillaries.  The  iiinM-uUiru<  muriuxr  consists  uf  two  thin 
layers  of  involnntary  muscle,  the  inner  circnlar,  tlie  onter 
longfitndinul.  It  lies  jnsl  In-low  or  outside  of  tlie  extremitifs 
of  Lieberknliii's  glands,  anil  se|mnttes  the  mncosa  from  the 
eiibmneosa.     It  sends  fibres  up  intu  the  villi. 

The  aabmncosa  of  the  small  intestine  is  a  loose  areolar 
layer,  permitting  some  play  between  the  muennsand  muscular 
coats.  It  contains  the  liti^r  blowl  and  lynipliatie  channels, 
which  send  ciipillaries  into  the  mucosa,  and  a  nerve-plexus,  the 
plexus  of  Meissncr. 

The  duodenal  glands,  or  ijlun'Jn  of  Jirunner,  are  rounded 
comjxinnd  nicemost!  or  |>crhaps  tubular  glands,  nf  tlic  tenuis 
type,  located  in  the  submucosa  of  the  dnodenuni.  Kiiclt 
empties  by  a  long  outletHJuct  which  pierces  the  niiisciiljiHs 
mucoi<ie  anil  tniverses  the  mncosa  to  the  surface,  panillil  to  the 
glands  of  Lieberktihn,  Their  cells  are  similar  to  those  of  the 
intcstiDul  glands. 

The  lymphoid  gliinds  of  the  small  intestine  are  definite  and 
dense  masses  of  lymphoid  tissue,  which  ixkiw  in  addition  to 
the  diffuse  adenoid  tissue  of  the  mucosa;  they  are  of  two 
kinds,  solitary  and  agminate.  TlieTOWor^^/nrw/saresplierital 
nodulea  or  follicles  of  lymphoid  tisMie,  occurring  singly,  and 
circumscribed  by  a  condensation  of  the  surrounding  connective 
tissue.  They  are  situated  in  the  submucosa,  or  may  extend 
into  the  mucosa  and  even  to  the  epithelial  covering.  They 
occur  throughout  the  small  ami  \aqri-  intestines,  but  are  more 
numerous  towanl  the  lower  [>art  of  the  ileum  and  the  iK'gio- 
niog  of  the  colon. 

The  affminaic  fjlnndH,  or  Pei/a\  patchiv,  arc  a^regations 
nf  a  number  of  solitary  lymph-follicles  placed  in  juxtaposi- 
tion, and  sometimes  surrounded  by  IiK>ser  adenoid  tissue. 
They  occupy  the  submueosa,  some  of  the  follicles  in  places 
also  piercing  the  mnscularis  miioosie  and  extending  into  the 
mucosa  and  to  the  surface-epit helium.  They  form  longitudi- 
nal iwtehes  two  to  eight  centimetre^'  hing  opim.sile  the 
mesenteric  attachment  of  the  intesltne,  and  are  most  abun<lant 
in  the  lower  ]i..rtioo  of  the  ileum. 

The  moscuUr  coat  of  the  small   intestine   comprises  two 
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The  ftppondiz  Termifonnis  is  similar  in  structure  to  the 
The  ii(H(i.-i;i  c-mttuins  well-f<)rme<l  glands  of  Lieber- 
kfilin,  mill  il  ami  t)u>  Uxniv:  MiibnitieiiKa  uontaiii  mimerous  lyiii- 
phoi<)  li>!li'k'~  ami  ilitt'ii-'^e  lymphoid  tissue.  The  miiacuiar 
ciwt  anil  pi.iril<meal  oovcriag  form  the  outer  layers. 

The  rectoin  has  a  mucous  and  submucous  layer  similar  to 
tliat  of  the  lar^  intestine.  The  covering  of  simple  columnar 
epitheliinn  changes  at  the  anus  intu  the  stratitied  si]Uainou» 
variety. 

The  ioternal  circular  muscular  layer  is  thickened  to  form 
the  iV^mo/  (involuntary)  H/tkincier,  over  which  the  longitudinal 
muscular  layer  spreads  out  to  form  a  comjilete  investment 
(instead  of  consisting  of  three  bands  only).  The  external 
aphineUr  in  a  thin  voluntary  muscle  surrounding  the  anus. 
The  lower  [wrtion  of  the  rectum  lias  no  peritoneal  covering. 

The  {Mritonenm  is  a  large  serous  or  lrni|>h  sac,  formed  by  a 
typical  serous  membrane  covering  the  walls  of  the  abdomen 
(parietal  layer)  and  the  abdominal  viscera  (visceral  layer).  It 
etiftbles  the  latter  to  move  freely. 

It  is  mainly  made  up  of  a  f^roiut  membrane  containing  lym- 
phatiea  and  bliMxlve.'wela,  lined  on  the  free  surface  with  l»ly- 
gonal  nw/o(/te/iui«-celU,  between  which  in  places  are  lympn- 
stomata. 

Beneath  it  is  a  variable  amount  of  areolar  siibaerotut  or  eiib- 
perUoneal  liiutiif,  in  which,  especially  in  the  panetjil  layers, 
mesenteries,  and  omental,  masses  of  fattv  ti^ue  oft^n  accumu- 
late. 

The  blood,  lymphatic,  and  nerve  trunks  which  supply  the 
intestines  are  situated  in  the  mesenteries,  which  also  contain 
numerous  lymphatic  glands. 


The  Liver. 

The  liver  is  usually  cla.-wed  a.s  a  );land,  producing  the  bile 
as  a  secretion  (external).     It  is  much  more  than  this. 

All  the  venous  blood  from  the  stomach  and  intestines,  con- 
taining the  products  of  digesi  ion  absorbed  from  the  alimentary 
canal,  is  colkM-tM  in  the  |H)rlal  vein,  re<lislri1>uled  in  capillaries 
and  passe<]  through  the  liver  as  through  :i  sieve,  and  is  acte<l 


1 


1  on  the  blood,  ofB 
ami  un-a-i'iirming  functions  are  knowng 
the  nature  of  "  infernal "  secretion, 
a  storehouse  for  certain  substanceti. 
the  compound  tubular  tyjie ;  but  in  mamf 
more  with  reference  to  its  functions  bearT 
its  ^lamlulur  structure  is  masked  and  obfl 
OeneraJ  Btmctore  :  The  liver  cunstiotj^ofl 
cells  divided  into  small  lobnlcs  or  acini,  i 
tacular  tissue,  and  contains  a  network  of  a 


Fio.  56. 


three  svstenis  of  bli 


THF  LIVER. 


delicate  partitions,  poorly  marked  in  the  normal  human  liver, 
which  SHparate  the  hepatic  lohiiles.  '}^\\k portal  traclx  an  well- 
marketl  pruccHse»  ol*  fihmus  tistiiic  pas.siii^  into  the  liver  with 
the  ptjrtal  vein,  hepalic  artery,  and  hilc-duds,  and  surround- 


,^\- 

>„ 


^ 


DUsnm  or  portion  of  alnbxile  of  the  liver  <DtinhB.ni),  a,  InlnlobulKrreln.receiT- 
Tn*  tntrwobuUr  c»pill«ri« ;  b,  hmnchi's  o(  [hh-IsI  vtln  ;  r,  branchM  of  hepullc 
mriarj;  d.  blle-ducu ;  r.  lympb-veui'l : /.  II*bc-c<:I1i;  jijuaclloti  o[  tvo  lobulea. 

ing,  accompanying,  and  snpporting  these  vessels  in  all  their 
subdivisinns  and  rumitieationu  thronghout  the  organ.  These 
tracts*  are  nituated  at  the  junction  of  three  or  four  lobnles,  and 
Head  lamellfe  between  the  adjacent  lohules  continuous  with 
their  interloliiilar  septa,  indeed  forming  the  only  portions  of 
these  septa  eiinspicuouB  in  the  normal  liver. 

In  crosg-KTi-tion  the  portal  tracts  are  therefore  triangular  or 
stellate,  and  in  each  may  be  seen  three  or  more  vessels,  the 
largest  a  hranch  of  the  )Hirtal  vein  ;  and  a  hranch  of  the  hepatic 
arteiT  and  a  bile-duct,  which  are  mtich  smaller.  Within  the 
lobules  of  the  liver  connective-tissue  elements  are  very  scanty, 
being  represente<l  only  by  the  endothelium  of  the  capillaries. 


^L        lobules  <. 


A 
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The  hepatic  artery  is  a  small  ves$<cl,  the  branches  of  which 
acr^irnpany  i\\*)^*  of  the  jx>rtal  vein  in  the  portal  tracts.  It 
Htjp|)lif;s  \)\(y<A  i'nr  the  nourishment  of  the  connective  tissue 
and  vc.-srtclrt  of  the  liver. 

TIk?  bile-ducts  collect  and  convey  the  bile  from  the  secreting 
lof)iilcM  t^»the  lifpatic  duct,  the  general  outlet-duct  of  the  liver. 
Thi'V  lie  in  tlio  |>ortal  tracts.  The  smaller  ducts  are  lined 
with  simple*  columnar  epithelium  (by  which  they  may  he  dis- 
tin^nishorl  from  the  accompanying  arteries  of  corresjxmding 
si/X!),  resting  on  a  Ixisement-membrane.  As  the  ducts  unite 
and  [>ifrrornf  larger  the  connective  tissue  by  which  they  are 
surroundecl  forms  a  thicker  layer,  in  which  elastic  elements 
and  involuntary  muscle-cells  appear. 

The  portal  vein  is  the  main  afferent  bloodvessel  of  the 
liver,  conveying  into  it  the  venous  blood  from  the  digestive 
orgjins.  Its  branches  follow  the  j)ortal  tracts,  and  are  the 
largest  and  thinnest-walled  of  the  vessels  in  the  latt.T.  As  its 
branell(^s  \\{\  always  in  the  s(»pta  i)etween  the  lolmles,  they  are 
called  the  Inh'r/ohu/ar  veins,  riiey  divide  into  eapillaries, 
whicrh  |)enetrate  and  converge  to  the  interior  of  the  lobules, 
and  th(»re  empty  inbo  the  radicles  of  the  hepatic  vein. 

The  hepatic  veins  are  the  eflcrent  bloodvessels  of  the  liver. 
They  l)(»gin  by  the  blind  he|)ati(^  radicles  or  nitmlohuhir  vciui^y 
which  lie  in  the  centre  or  axis  of  the  lobules  and  receive  the 
intralobular  (^apillari(?s.  The  intralobular  veins  empty  into 
larger  brane^hes,  tlu;  t<ith/ohu/(tr  veins^  the  union  of  which  forms 
the  hepati<!  veins. 

Th<i  lobules  or  acini  of  the  liver  are  polyhedral  in  shape 
from  mutual  pressure,  and  nbout  a  millimetre  in  diameter. 
They  are  scparatccl  from  one  another  by  the  interlobular  septa 
of  the  sustentacular  tissue,  though  in  man  these  septa  arc 
incomplete  and  i\w,  boundaries  of  individual  acini  often  ditti- 
cult  to  d(*tcrmiue.  In  cirrhosis  of  the  liver  and  in  some  mam- 
mals th(^  septa  are  complete  and  well  marked. 

hJiirh  /ofuf/r  is  made  u|)  of  liver-cells,  intralobular  capilla- 
ries, bilc-passaii^es  between  tlic  cells,  and  an  intralobular 
vein  \h  the  ccuti'c  or  a\i<  of  the  lobule.  The  acini  are  built 
around  the  intralobular  veins  as  axes,  and  tlieir  bases  abut  on 
the  sublobular  veins  into  uliieli  tlie^e  vein>  (Mn])tv. 

The  liver-cells  are  polyliedral,  nucK^ated,  glandular  epithe- 
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liiim-cellfl,   which   nftt'ii  oontsiii   granules  and   fiil-j«rtk4e8, 

OiUcrencos  as  to  giiinuliirity,  cto.,  occur  in  the  api)earance  of 

th(«c  cells  in  the  various  Rtagett  of  digetitloti,  as  between  fast- 

riodrt  anil  after  eating.     The  liver-cells  lill  the  acini  in 

tcrrupted  uiilj-  by  the  radiating  blood napillaries  and 


in^  Heri<i 


e  another,  and 


'mwI*  and  blle^i 
tnbular  vel 
capillaries 


the  hile-pa.isage«.     They  are  in  contact  with  o 
are  not  intermingled  with  connective  tissue. 

The  intralobular  veina,  the  idtimate  radicles  of  the  heputic 
veins,  <RTn|iy  i\\v  ciTiIre  or  axis  of  the  lobules. 

The  intralobular  capilluies  converge  toward  the  intrnlobular 
vein  from  the  pcHjihcrv  of  the  iobnie,  where  thev  are  formed 
by  the  breaking  up  of  the  ivin-lolmlnr  or  pojiiit  rrinn;  iu 
nction  they  appear  as  conspicuous  empty  s|kacefi  or  channels 
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between  row.-*  of  liver-cells,  radiating  from  the  intralobular 
vein  in  the  centre.  They  are  so  arniiige;<l  timt  wieh  liver-cell 
abuts  on  at  least  one  tapillary.  Tlirongli  tlieMt-  canillarieH 
the  blood  jumses  from  the  portal  vein  t<t  the  lie[>atic  vein, 
coming  into  close  relation  with  the  liver-celb  on  the  wav. 
The  fu))illarics  iind  the  intralobular  veina  are  lineci  witil  deli- 
cate ciiiliitht'liiim-.-  "     --'---'- -  the  liver-cells. 

TliL-  bile-passai  r  tine  eanaiti  formed  by 

slight    separation  pen   adjacent   liver-eells; 

short  lateral  blir  nes  also  enter  the  bwiies 

of  the  cells  there  ^ages  unite  to  form  u  finu 

capillary  uetworl  ito  the  hile-ilnets  in  thit 

interlobular  septi.  ary  ie  sepanitwl  from  the 

blootl -capillaries  i  n  of  a  livcr-eell.     These 

passages  collect  tl  he  liver-cells,  and  though 

atypical  they  are  loiple  as  tlie  Inmina  of 

tubular  glands.  as  the  frog,  the  tubular 

type  is  more  apparent. 

The  gall-bladder  and  liepatic,  cystic,  and  common  ducts 
are  lined  with  mucous  membrane,  consisting  of  pimple  long 
columnar  epithelium  with  Intermingleil  goblet-cells,  and  sub- 
epithelial connective  tissue,  in  which  mucous  glands  are 
present.    In  the  gall-bladder  this  coat  forms  intersecting  rug«. 

Beneath  the  mucosa  is  a  jibro-miiiifuim-  coat,  composed  of 
firm  fibrous  tissue  containing  involuntarv  muscle-cells.  Ont- 
side  of  this  coat,  over  the  greater  portion  of  the  surface,  is 
an  external  serous  or  peritoneal  covering. 

The  bile  in  the  gall-bladder  is  a  dark  opaque  homogeneous 
secretion,  thick  and  viscid  from  the  presence  of  mucin,  and  is 
devoid  of  formed  element'*. 


The  Pancreas. 

The  pancreas  (Fig,  59)  is  a  racemose  gland,  which  aeeretea 
the  pancreatic  fluid.  It  is  made  up  of  secreting  alveoli  and 
ducts,  supi>orted  in  connective  or  snstentacular  tissue,  which 
divides  it  into  lobes  and  lobules,  and  is  supplied  with  blood- 
vessels, lymphatics,  and  nerves. 

Tlie  sustcntacidnr  or  connective  tissue  consists  of  an  areolar 
or  fibrous  capsule  enveloping  the  gland ;   uf  trabeculce  or 
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aepta  (interlobular)  of  similar  tissue  which  traverse  the  pan- 
creas and  <livi<le  it  into  luliea  and  lobules;  anti  of  delicate 
connective  tissue  iwnetratiug  Ijctweeii  the  individuul  iilvenli 
which  make  up  the  lobules,  and  providing  them  with  base- 
ment-membranes. 

The  larger  vessels,  dncts,  and  nerves  are  conveyetl  tlirougli 
the  organ  in  the  interlobuhir  connective  tissue. 

The  larger  (or  interlobular)  divisions  of  the  ducts  are  lined 

¥m-  59. 


beginning  ducU: 

with  simple  columnar  epithelium ;  the  small  ductules  with  flat- 
tened epitlieliuui-cflls. 

The  BBcretlng  alveoli  are  rather  tubular  in  form,  of  the 
aerous  ty[M',  and  inv  lined  with  a  sinprle  layer  of  spheroidal 
or  columnar  glandular  cpitheliuni-ccllK.  The  lumen  of  the 
alveoli  also  sometimes  contains  small  cells,  called  cen^ro-acidfi/ 
cella. 

The  cf//jf  Itnitiff  the  alvmli  vary  accoriling  to  the  stage  of 

wcretion.     Before  accretion  these  cells  arc  distemlcd,  and  the 

toward  the  lumen  is  clear  and  contains  coarse  zymogen- 


« 
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graiiulc*,  nhile  the  pmto|>)uaii)ic  sono  towanl  tlte  attached 
liases  of  the  cells,  where  the  nuclei  are  i>ituate«l,  in  dark,  more 
opatjue,  and  Xesn  (or  tuore  finely)  granular.  During  iiecretioD 
the  Kvinogcn-^raiiules  and  elc«r  material  diRtending  the  cells 
are  di^iohar^'O  ;  "hen  exhausted  by  jtrolonpcd  activity  the 
wll-  :tr('  till]-  U  fl  slininkeii,  darker,  opaijiie,  and  nongranular 
(or  o„l.v  fi„,.ly  -ranular). 

Bodies  of  LangertuuiB ;  Between  the  lobules  in  places  are 
rounded  vaseiilar  aggregations  of  »inull  celU,  more  open  and 
leKS  dens<^  than  the  secreting  slveoli  which  make  up  tne  bulk 
of  the  pland  :  these  are  called  the  bwlies  of  Ijint/crhnnn,  and 
are  perhaps  im|H!rfpctly  deveIo[ie<l  lobules,  tUongli  lln-ir  nature 
ie  not  entirely  understood. 


"^ 


CHAPTER    XI. 


THE  RESPIRATORY  SYSTEM. 


QiarBRAL  CONSIDERATIONS. 
Th«  Inngi :  Ohp  f 
the  ulimentarj-  system. 


lg^,  analogous 
to  liiruUli  tu  Ihe  circulation  matt-ri 


(in  this  cose  oxygen)  reijiiired  in  tbe  nutrition  of  tbe  IxKly. 
Their  other  function,  the  excretion  of  carbon  dioxide,  is  a 
glandular  urocess,  and  in  view  of  it  the  lungs  cau  be  regarded 
us  a  gland  ;  they  certainly  approach  the  glandular  type  as 
closely  aa  does  the  liver. 

The  Mtructure  of  the  lungs  is  strikingly  that  of  raceutose 
glands;  the  main  departure  from  the  ordinary  gtan<lular  type 
IS  that  the  substances  interchanged  are  gaiaeous  rather  than 
liquid  or  solid,  and  tbe  medium  of  excretion  consists  not  of 
spheroidal  cells,  but  of  squamous  cells  adapted  to  the  ex- 
change of  gases. 

The  analogy  of  the  lungs  to  a  gland  is  increased  if  their 
alimentary  or  osygcn-furnishing  fiinction  bo  regarded  as  a 
sort  of  internal  seci'ctory  pniocss,  in  which  the  separated 
product  is  discliai^l  into  the  blomi 

The  other  portions  of  the  respiratory  apparatus,  the  nose, 
pharb'nx,  larynx,  trachea,  and  bronchi  (the  ducts  or  air-jias- 
sages  of  the  hing.t),  and  the  pleura,  for  the  most  [Mrt  simply 
serve  tributary  and  sulnirdinate  purposes  to  the  lungs. 

The  Nasal  Fosseb. 

The  mucous  membrane  lining  the  nasd  foftfte  rests  upon  the 
periosteal  and  iMriclKiudrial  coverings  of  the  surrounding 
Dones  and  the  hyaliuc  ctirtihtginotis  septum,  and  is  continuous 
with  the  skin  and  the  mut^us  membraue  of  the  nasal  duets, 
pliarynx,  and  Eustarhian  tiilx's.  It  is  comjHMsed  of  two  dis- 
tinct areas,  the  ri'spinitory  and  the  olfactof)'.  The  olftidory 
1  comprises  the  upjK-r  jwirt  of  the  foss»,  namely,  the  upjier 
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thinl  of  the  septum^  the  iwyf  of  the  noee,  the  mpetior  and  part 
of  tiie  middle  turbinated  bone,  and  the  ethmoid  in  front  of 
them.  Tlie  remainder  of  the  nasal  foeee  and  the  aooeflBory 
.«inase<  maxilLuy,  erhmoidaly  sphenoidal,  frontal)  are  covered 
by  tiie  re^piratorjf  portion  of  the  mnooaa. 

The  respixaftory  fcatian  of  the  aaaid  aneoni  mmmOmmm^  like 
the  air-iiasnages  in  geneial,  is  lined  with  stratified  eUkded 
epHhflhun^  among  which  are  occaaonal  goblet-<iell&  The 
epithelium  rests  on  a  firm  immiea  propria,  beneath  vdiich  is  a 
variable  amount  of  loose  tHbmufou*  areolar  and  oonneotive 
tissue.  The  submueoaa  contains  abundant  and  ample  blood- 
ve.ss4-U.  n<idulcs  and  diffuse  masses  of  lymphoid  liwf,  and 
small  raivmose  ihncoiw  giands  with  ducts  lined  by  eolnmnar 
epithelium,  gradually  merging:  into  the  ciliated  cells  of  the 
surface.  The  vascularity  of  this  r^on  explains  the  fre- 
quency of  nosebleed.  Over  the  septum  and  turbinated  bones 
the  mucous  membrane  is  thick,  very  vascular,  and  contains 
large  numbers  of  the  glands :  in  tiie  accessory  sinuses  it  is 
thin  and  lesc?  glandular  and  vascular. 

The  olfactory  portion  of  the  nasal  mucous  membrane  con- 
tains the  nerve-term in:d<  for  tiie  si»nM*  of  smell.  It  is  thick, 
and  mostly  pignifiited,  of  a  yellowish  <\»lor.  Its  superficial 
layer  is  coiiij>os<xl  of  sfrafififtf  trJiinmnr  Hon-i'^iiiaft'fl  cpfthe- 
Hum.  The  surface-cells  are  of  two  kinds,  sustentacular  and 
olfactory. 

The  i<nj<tt'nttiruhn'\)v  j<i*ppor(inf/i'fns  are  long  ct>lumnar  cells, 
with  deeply  plaoed  oval  nuclei  ;  their  deep  [>ortions  are 
branehed  aii<l  irregular,  their  free  extremities  are  granular 
an<l  exhibit  the  apjKtiranee  of  a  Mi|HTfieial  I'overing  cuticle. 

The  olfnrtoni  n'lls  are  slender,  el<>iiirate<l.  linear  cells,  with 
large  s|»li<frie!il  nuclei  which  c:iii>e  a  marked  bulbous  swelling 
of  th<*  cell-body.  Tli<y  lie  between  the  supporting  cells,  and 
are  a  forrn  of  nenro-<>))itliclinni,  or,  jH^rliaps.  actual  nerve- 
cells.  Their  lower  extn'inities  are  continuous  with,  or  at  least 
in  intimate  relation  with,  terminal  filaments  of  the  olfactory 
nerve.  Their  |)roniinent  round  nuclei  form  a  zone  in  the 
lower  portion  of  the  epithelial  layer.  The  lowest  epithelium- 
cells  an*  spheroidal  and  germinal. 

The  <>pithelinn)  rests  upon  a  mnmrfirr-f issue  layiTy  the 
tuni«i  propria  an<l  submucosa,  which  contain  the  terminal 
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filameiite  into  whiirli  the  olt'actorv  iiitvls  divide,  iinii  I 
nuiiiber»  of  email  iiiucuuh  glands. 

The  phuynz:  The  iipi>er  jmrtiim  of  the  pharynx,  wliiuh 
has  been  already  deHtirih(>d  dwige  124),  behnigs  to  the  respira- 
toHr'  trai't,  ami  i»  liiie<I  with  dliated  epithelium,  while  the 
lower  portion,  lined  with  rKpiuinouif  epithelium,  pertains  rather 
to  the  alimentary  ciinul. 

The  Larynx. 

The  larynx  in  a  edrlilagiiions  box  .surmounting  the  traehea 
and  coutainiug  the  vixsl  apparatus. 

Its  mniii  eatiUagtx,  the  thyroid,  erieoid,  and  larger  ])orlions 
of  the  arytenoids,  are  of  the  hyaline  variety,  tending  in  old 
age  to  become  ossified.  The  other  cartilages,  tho.se  of  the  epi- 
glottis, certain  pn>cesses  of  the  arytenoids,  the  comieula 
laryngis,  and  cuueiform  cartilages  (cartilages  of  i^ntorini  and 
Wrlsberg),  ar«  elastic  tartilage. 

The  fitfiniientu  and  mcmhranm  (tliym-hyoid  and  crico- 
thyroid) which  complete  the  framework  of  the  larynx  are 
fibro-elastic  structures. 

The  interior  of  the  larvnx  is  lined  with  mucoun  nifmhrtme, 
consisting  of  an  epithelial  layer,  tunica  propria,  and  sub- 
mucous tis.sue. 

The  epithelial  lining  of  the  laryn.x  above  the  ventricles  and 
over  the  true  vijciil  cords  consist*  of  stratifie<I  ."Kjnanions 
epitliclinni,  cinitinLioiiH  with  that  nf  the  pharynx  ;  the  ventri- 
cles and  tlu'  |H>rt]oti  of  the  larynx  below  the  vo«d  cords  are 
covered  with  wtratilied  eilialed  epithelium,  like  that  of  the 
trachea. 

The  tunica  propria  is  a  fibrous  membrane,  containing  numer- 
ous ela.stic  fibres. 

The  snbmncoBa  consists  of  areolar  tissue,  extending  down 
to  the  iierjchondriid  coverings,  and  containing  the  larger 
blood  and  lymphatic  v(>ssels.  small  racemose  mueous  glands, 
occasional  masses  of  lymphoid  ti.ssue,  and  the  intrinsic  volun- 
tary mus-les  of  the  larynx. 

The  epiglottia  contains  a  basis  of  elastic  cartilage  in  its 
centre,  covered  on  each  side  bysubnmcous  areolar  tissue  and 
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a  mucosa.  The  inuoous  membrane  on  the  anterior  (or  lingual| 
or  upper)  surface  of  the  epiglottis  is  a  continuation  of  tiiat  of 
the  t<>ngue  and  is  very  similar  to  it. 

TheYocal  cords  are  folds  of  the  mucous  membrane,  with 
the  tuni(*a  propria  reinforced  and  strengthened  by  additional 
elastic  fibres. 


The  Trachea. 

The  trachea  is  a  rigid  tube  extending  from  the  larynx  to 
the  upper  part  of  the  chest,  where  it  divides  into  the  two 
bronchi.  Its  walls  are  made  up,  from  within  outward,  of 
mucous  membrane,  submucous  tissue,  cartilage  and  muscle, 
and  fibrous  tissue. 

The  mucous  membrane  of  the  trachea  is  lined  with  stratified 
ciliated  ei>ithelium-cells  (Fig.  14),  among  which  are  occasional 
goblet-cells.  The  tunica  propria  undtTlyinja:  the  epithelium  is 
a  firm  sup()orting  connective-tissue  hiyer  ;  its  most  superficial 
layer  forms  a  basement-membrane  for  the  epith(;linm  ;  below 
this  the  tunic  is  infiltrated  with  ninnerous  lymphoid  cells, 
and  its  deepest  portion  contains  numerous  longitudinal  elastic 
fibres. 

Outside  the  tunica  propria  is  the  submucosa,  a  layer  of 
areolar  and  elastic  tissue  ;  it  contains  the  alveoli  of  numerous 
small  racemose  nuicous  glands,  occasional  lymphoid  tissue,  and 
the  larger  blood  and  lyni()liatic  vessels. 

Next  outside  the  snbnuicosa  is  a  series  of  incomplete  rings 
or  horseshoe-shaped  bo<lies  of  lii/a/iHC  rarti!a(/(\  defective 
posteriorly,  which  makes  up  the  rigid  incollaj)sible  framework 
of  the  trachea.  The  c()nnective  tissue  on  the  surfaces  of  the 
cartilage  is  condensed  to  form  a  perichondrimn. 

The  hiatus  at  the  |M)sterior  part  of  the  cartilages  is  filled  up 
partiallv  bv  fibrous  tissue,  but  chicflv  bv  the  tracbealis  muscle, 
a  bridtre  of  involuntarv  muscle  which  connects  the  ends  and 
posterior  surfaces  of  the  cartilages;  the  larger  j)orti(m  of  this 
muscle  is  arranged  transversely,  but  externally  there  are  a  few 
longitudinal  fibres. 

There  are  some  mucous  glands  located  ])osterior  or  external 
to  the  tracheal  is  muscle,  whose  ducts  |)ieree  the  muscle  and 
'  find  their  way  to  the  lumen  of  the  trachea. 
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Onteide  of  the  mrtihi^inoiis  layer  the  trachea  is  siirrciunileii 
h_v  fibrons  ami  areolar  lit^sue  cuntiuuims  with  that  of  the 
adjacent  struct ti reft. 

The  Lungs. 

The  hmgs  arc  inndc  ii])  i>l'  air-vesicles  nr  alvenli,  the  ulti- 
maie  fiinctumul  divisions  of  ihe  or^n ;  hronchial  tul)e«,  the 
air-iMisHap'ii  leading  to  the  nii-vc»icieft ;  connective sustentacii- 
lar  tissue ;  an  ample  system  of  bloodvessels,  heflideft  lymph- 
atics and  nerves-  and  a  serous  covering  derivefl  from  the 
pleura. 

The  htitff-tiibsfnnre  is  more  or  Ipbh  ilistinctly  ()ivide<i  into 
pyramidal  lobules,  consisting  of  the  groups  of  alveoli  cor- 
responding ti)  terminal  divisions  of  tlie  bronchi  and  blood- 
vessels ;  tlie  loljnle.s  are  to  a  greater  or  less  extent  markwl  off 
from  one  another  by  septa,  altliongh  closely  [iaeke<i  together. 

The  connectiTe  tissue  of  tbe  long,  its  i^nstentaeiilar  friimc- 
work,  may  be  divide<l  into  i\w  -iiiiierficial  invc-tnuni  uf  llie 
oi^n  and  the  interalvcohir.  |icrilir.>tii'lii:il,  lunt  ijili'rlnlxilar 
tissues.  The  mr/ncf  of  lUr  liint;  i-^  -^iirruuiidrd  l.y  chi-i!.-  and 
Bre.>lar  tissue,  lying  beneath  the  pleura  and  e  .ntiiiiioii^  with 
iu  subserous  layer. 

The  free  surface  is  coverefl  by  the  visecnil  portion  of  the 
pleura. 

The  intfrfdveolnr  connerUrr  fluiiueh  a  delirate  tissue,  mostly 
elaatic,  between,  surrounding,  and  foniiinga  supporting  frame- 
work for  the  air-vesicles ;  it  comprises  the  larger  part  of  the 
pulmonary  conueetivi'  tls^nc,  and  to  itaredue  the  well-known 
elasticity  and  conlrin-lili;  (indcney  of  the  lungs. 

The  Bcribronrhkil  nunirrlirr  linmie  is  a  firmer  tissue  of  the 
white-fiorous  variety  which  form's  definite  sustentaeular  tracts 
accompanying,  supporting,  anil  surrounding  in  a  single  sheath 
the  bronchi  and  their  concomitant  bloodvessels  in  all  their 
ramifications  and  subdivisions  thn.'ugliont  the  lungs. 

The  inti'i'lobii/ar  ronnei'llre.  tlitime  ecmsista  of  more  or  loss 
definite  thin  Hhroiis  septa  separating  the  lohules  iif  the  organ. 

Pigment,  usually  black,  is  often  abundantly  cie[)osIte<I  in 
patches  in  the  interalveoiar  and  interlobular  tissue  ;  it  eou- 
k  si»ts  of  panicles  inspires!  into  the  air-vcsiclcs  and  reniovcHt 
I'tnto  the  interior  by  the  lymphatics. 

10— Hill. 


THE  RKSPIRATORT  STSTESf. 

Till'  bloodvessels  of  the  Inngs  comprise  two  dislinrt  sets  of 
arUrics,  wipiliark-s,  and  veins  :  ihe  pulmonary  veiwufs  anti  the 
bronoliiul  vewsols, 

Tlie  pnlmonaiT  vessels  are  far  the  lai^er  of  the  two  sets 
and  oarry  out  the  respiratory  function  of  the  liingti.  The 
ptdmovary  arterial  convey  the  venous  blood  from  the  right 
ventricle  of  the  heart,  and  break  up  into  capillaries  which 
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md  the  air-vesicles  in  a  close  meshwork.  The  hlood, 
aerated  and  arterialized  in  these  capillaries,  is  collected  from 
thera  and  returned  in  the  piilmonnry  vcinn  to  the  left  auricle. 
The  ]nilnionary  arteries  and  veins  acc<>m]«iny  the  bronchi 
in  their  eourse  ihnuighout  the  lungs,  lying  in  the  same 
sustentarular  tract  of  peribrtinchial  connective  (i»sue,  the 
bninchus  in  the  centre,  a  pulmonary  artery  on  one  side,  and 
a  pulmonary  vein,  larger  and  with   thinner  walls  than 
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THE  BRONCHI. 

lirtery,  on  the  utlier.  Tlit-  Miite  of  the  pulmonary  vesRelg 
alwayn  vorKspomlH  1u  that  of  the  accompanying  bronchus, 
lieing  not  far  fmni  equal  to  it. 

The  bronchial  Tessels  are  niiirh  smaller  than  the  pulniunary, 
and  serve  for  the  nutrition  of  the  Biihfitance  of  the  lung. 
The  brnniyhiiil  artrriiH  are  branehei<  of  the  aorta.  The  («pil- 
krics  from  these  arteries  empty  cliiefiy  into  the  hrmdiial 
ceim,  but  partly  also  into  the  pulmonary  veins.  The  bron- 
chial veins  empty  ultimately  into  the  vena  euva. 

The  hronehial  vei^seif-  lie  in  the  |x?ri bronchial  connective 
tissue  and  u<'r<im|i:iNy  the  bronchi  and  pulmonary  vesisels  in 
their  raHiifioaliiins, 

The  lymphatlca  of  tlie  lungs  comprise  small  channeKs  origin- 


ating from  stomiita  in  the  air- vesicles,  in  thesnstcntaeularand 
peri%'ascular  tissue,  and  from  the  pleural  stomatii. 

The  nerves  of  the  Itrngs  arc  small  branches  lyiitp;  in  the 
pcribronchiid  liswuc. 

The  bronchi  are  continual  ions  of  the  trachea,  and  williin 
the  lung  divide  and  subdivide  dichntoniously  down  to  the 
terminal  bronchioles  (Fig.  61),     They  are  the  air-passages  to 
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to*v^»  '.a  .nit  fiiSK. 

''t»t*ft/r  •I'-w'j/:,     TrKTV;  :  «" .f  Livr-r*  ar»r  Thr.^n  in:.'  l'.Q^ni«Itiuil 

Tr^r  iwiJffiJn r'tj^  f /■« fif^p^p.  !.•  a  •: r. : a  ' • : :  "--!'- t^li rke«l  la ver  or 
ri  ri /  ' f f  I  f I  v'/ i  f- J  r»  Vi  r/  rri  i  vri v.  a  rr»i  n  ir-^  i  •  - '  r  - .  li  "ly  :  it  ?epani t€^s 
fb'T  t'ifi'j'fi  proiff;-!  fr#rfi  triv  -'i'»-iri  tsi,  a:i«i  U  n«>t  included 
if»  fh^-  \*9U*^yn*\\',i:iX  foM-  of  rri»:  nriorra. 

'\\\o  ft/Jfuuwo^/i  r7in«i.-t»  of  ar*'»>liir  risT'Oe,  luervins  into  the 
S\ru%i*t  ft'rnUrou':\t'i:i\  'roriri'^rliv*:  tis-ue.  It  o*iitains  >inall 
nu'i'iWf*^'.  iait4*jtUA  ffhiiifh,  *\\v9rff  dn«n-i  di-^'har^  «»n  the  epithelial 
."irfti/fi-;  'i^^^niorial  %vA\\\*:<  *>(  ffjinj^hoitf  tiAj^if :  and  tineciiial 
rit rv'^l  />/////>?  of  hjfnliiif  (firfU.a(ff.  the  ivprerjentatives  of  the 
iriu:\it'n\  riri;r*',  whi';h  in  rT'^r-*eftions  appi-ar  a?  arcs  iiicom- 
plHi'ly  Hfi r round iri^  tfi*;  hroiH-hi. 

T«rfniiul  bronchioles:  As  tlie  !»ron<-hi  dwreaso  in  size  the 
fiiruUtifiitnti-i  plaf/*H  dimiiii-h  and  finally  <lisapj>ear  entindy  ; 
fill'  ^itntifi'-d  ri|i;if4'd  (•pitlHfiinin  Ixromes  re<liK*e<l  to  a  single 
l.iyt'f  orrili;it<'d  rrUn,  and  r*till  lat<T  toalaver  of  low  columnar 
tint]  f'ili;itfd  ''^'lU;  tlio  (roinHMrtivc-tissuc  lavcrs  hccome  <liniin- 
i«hw|  ill  tliirknc'i.H,  and  the  pprihroncliial  tissue  and  nuicons 
prhtniU  diHiip|K»tir.  Tliiis,  the  terminal  hnmchioles  arc  lined 
willi  a  Mifij^je  liiyer  of  low  c^)lumnar  non-ciliated  or  flattened 
|Nily^onnl   epitholium-cMillH,  u  nlight  amount  of  iibro-elastic 


THE  AJRVKSICLES. 


connective  tissue,  and  a  thinned  and  interrupted  museularis 


The  isfondibuU  :  At  tlioir  terniiimlinn  the  hronchiolcs  o]ien 
into  clutitcrs  of  large  cllijittcal  cavities,  cidlcd  infimdibnla,  the 
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walls  of  whicli  nre  heset  with  air-vesicles.  These  infundi- 
bnla  hranoli  off  from  the  sides  and  ends  of  the  final  norlious 
of  the  broncliiolos,  ivliieh  are  here  somewhal  e.\|)iind«l  and 
lined  with  ttattcnid  polygonal  epitlieliiim-cells,  and  which  are 
often  catlc<l  airiii/'ir  j/i'xuHffes. 

F^ieh  intundiliidiLJii  is  a  blind  elllpticnl  sac,  ojK'uing  at  one 
point  intih  sui  !iivf<ilur  |uis.suge,  and  with  ils  walls  forme<l 
entirely  nf  air-vesicles. 

The  air-vesicIeB  (air-sacs,  air-cells,  or  alveoli)  are  small 
hem isphe rind  recesses  forming  the  walls  of  tlie  inf'inidihnia 
and  opening  into  the  cavity  of  the  latter.  They  make  up  the 
great  Ijidk  of  the  lung-snl^tance,  and  are  the  ultimate  tunc- 


THE  RESPIRATORY  SYSTEM. 

tioiial  clivii-ioDS  uf  tlie  luiig^,  ^^hero  the  admiHsion  of  oxygen 
iiitu  and  tlie  expulsion  of  carbon  dioxide  from  tlie  blood  take 
place.  Tliey  are  lined  with  a  single  layer  of  large  jxtlygoaal 
squamous  e}>!fhclvnit-cMs,  at  the  junction  of  which  appear 
occasional  small  intervalH  or  slomata  o|iening  into  lympb- 
Amnng  the  squamous  cellH  lining  the  ve.'iieleg  occur 
ud  there  sniall  spheroidal  cellci ;  in  the  fcetnl  lung,  before 
it  ia  ex)>uuded  with  air,  the  cells  lining  the  air-veiiicle!;  are  all 
spheroidal. 

Underneath  the  epithelial  lining  is  a  thin  network  of  dofiic 
tiwfue  (the  interalveolar  connective  tissnel,  which  forms  the 
framework  and  support  for  the  vesicles.  The  walla  of  the 
alveoli  also  contain  a  close  nieshwork  of  blood-vapUlnrieB 
derived  fnjm  the  pulmonary  artery,  in  close  relation  with  the 
gquaiuous  lining  of  the  vesicles,  thus  affording  favorable  con- 
ditions for  the  exchange  of  gases  between  the  venous  bluod 
and  the  air  in  the  alveoli.  Adjacent  air- vesicles  are  separated 
from  each  other  only  by  thin  septa,  each  of  which  i-ontains 
but  a  single  set  of  capillaries,  the  Imips  of  which  lie  in  relation 
with  the  epithelial  lining  on  Ixith  sides. 

The  pleura  is  a  serous  sae,  the  parietal  portion  of  which 
lines  the  thoracic  wall,  and  whose  viscenil  portion  forms  a 
covering  for  the  lung.  It  facilitates  the  movements  of  the 
lungs  over  the  oppofiing  surfaces.  Jn  structure  it  is  a  serooa 
membrane,  consisting  of  a  fibrous  stratum  covered  with  poly-  j 
gonal  endothelium-cclls  on  the  surface.  Beneath  it  is  the  sub- '  I 
serous  or  subpleurtit  areolar  tissue,  which  in  the  visceral 
portion  of  the  sac  is  continuous  with  the  superficial  connec- 
tive tjssue  of  the  lung. 
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The  sUn  serves  intt^iinicntary  ami  iinitentive  purposes,  is 
an  important  ( xcretory  oi^m,  is  tlie  wat  ot  sen8or\  terminul'*, 
and  pcHse^Ht's  other  iiiiictioim  It  cunsi'^ti  of  t»u  [lartA,  a 
thin  nitt«r  epitiielial  laver,  the  ipulermts  or  cutiplt,  and  a 
thicker,  lo\tcru(>nDeitive-ti'>aiie  iuver,  the  >  iitin  vei a,  ot  cormva 
Beneath  it  h  a  variable  lavcr  oi  Kubmf4ineoiu  tissue  The 
skill  (ontains  nunicroiH  glands  of  two  kinds,  sudnnpaniiis 
and  •sehui'ous,  and  alio  the  haiia  and  nailn,  these  are  all 
denvetl  from,  or  modi  heat  ions  of,  the  epidemiH 

The  epidenaiB,  the  thinner  outer  la\er  of  the  skin  cnn^.i-.ts 
of  stratihed  si]uanK>u-j  epitheln 
It  \arie-  in  thickne-v-.  and  the 
ileselnpmcnt  of  ita  part"*  in 
difTercnt  'jituatiuus  It  is 
diMsible  tn  the  first  place,  into 
two  sharpK  diHtmet  lajen,  an 
outer,  hard,  horn\  la>er,  anil 
a  lo«er  soft  protopK^mn 
h\or  the  '  rtte  miicoium 
£lich  of  thesi  B  opun  dniii 
ble  into  other  strata,  which 
are,  from  tlit  suiface  down 
ward,  the  <<tratiim  (orneum 
and  stratum  lucidum,  making 
up  the  hni  ny  portion,  th 
stratum  graniilomim  and  »tra 
tnni  Malpighii,  mikin);  np  the 
rdc  muco«itiii.  In  additioi 
the  lowermost  layer  of  (co- 
lumnar) cells  in  the  Mai 
pighian  stratum  is  almost  dis-  w 

tinct  enough   to   be  ditTercii 
taated  as  a  sjiecial  layer.    Then,  la  or   n 
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Homy  (xirliiui  of  epidei 
Rete  niiici.!siim    .     .     .    . 


f  Slraliim  conienm. 

\  Stratum  kioiduiii. 

)  Slrutum  graiiuloMum. 

\  Stratum  Mulpiglni. 

Of  these  layers  the  strata  coriieura  and  Maipighii  are  tbe 
thickest,  most  prominent,  and  always  present;  the  strata 
lucidiiTD  and  p'unulosiim  are  much  thinner,  less  eonspicoous, 
and  whi'i-r  tin-  I'jiiik'nni.s  is  thin  may  \ie  quite  indistinguish- 
aljli'.  'IliriT  iirr  iiii  I  lit  lod  vessels  or  uipillBrii^s  in  the  epider- 
riii-i,  iiiil  I'liiij'/i  is  ]irul«ilily  able  to  ptrcolute  between  the  cell^ 

lilt;  stratnin  Maipighii  (or  titratuni  m>rmiuativiim)  consists 
of  abont  ten  to  twenty-live  layers  oi  deeply  staining  sphe- 
midal  epithelium-cells  resting  im  tlie  eorium.  Into  this 
stratum  project  the  jiitpillie  wliieh  stud  the  surface  of  the 
corium,  the  intervals  between  the  papHlw  l>eing  filled  with 
epithelial  cells.  The  lowernwst  cells  of  the  Malpighisn 
stratum  form  a  single  layer  of  tall  colnniaar  wlla  armnged 

fierjR>ndicular  to  the  siirfiice  of  t!ie  jMipillic  anil  corium;  this 
uvcr  forms  a  qnite  distinct  stratum.  The  other  cells  of  the 
^^alpighian  layer,  larger  than  the  rolumnar  cells,  are  sphenji- 
dal  in  siiaiie,  or  polvhednil  from  mutual  pressure,  becoming 
somewhat  flattened  above.  They  are  disjiosed  irregularly,  not 
in  uiuf(irm  layers,  and  have  characteristic  "vesiculated  nuclei"; 
that  is,  their  nuclei  are  surniumlwl  liy  or  seem  to  lie  in  a  clear 
vesicular  space.  The  surfaces  of  these  cells  are  cloijely  beset 
with  ridges,  or  "  intercollular  liriilges,"  causing  the  cells  to 
api>ear  in  eniss  section  as  if  stud<led  with  projecting  prickles 
or  spines,  whence  they  are  often  called  j>rwkfe-cefU.  The 
ndgcs  of  adjacent  cells  unite  wlgc  to  edge,  and  the  minute 
communicating  channels  left  between  thcni  jiroliably  enable 
lymph  to  iKiss  l>etwecn  those  cells  for  the  nourishment  of  the 
mm-vn.scuiar  x?pidennis.  The  cells  of  the  deeper  portion  of 
the  stratum  Maipighii  eontairi  pigment,  whieh  gives  color  to 
the  skin,  especially  in  freekles  and  dark-skinned  races.  The 
Malpighian  laver  contains  terminal  nerve-fibrils  and  tactile 
cells. 

The  stratnin  graaulosum  rests  ii|ion  iho  stratum  Maipighii, 
the  two  merging  together  wtthoul  sharp  divi<Iing-lincs.  It  is 
not  always  very  distinct,  but  in  thick  opidcrniis  it  appears 
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very  prominently  us  consisting  of  three  or  four  layers  of 
flatt«ne<l,  lentifiilar,  or  (in  croBs-eeetion)  fusiform  ce1]!!i,  ulilch 
are  <lurk,  stiiin  very  deeply,  and  contain  eoarse  granules  of  a 
snbstiiiiiT  'iilKd  ili'idin,  supixiseil  to  be  a  prtfiirsor  of  the 
horny  Mil)>i;irnT  ..t  tlii:  more  i>ui>erficia]  pells  of  the  epidermis. 

Till.'  stratum  lucidum  Is  a  thin,  translucent  layer  of  horny, 
flattencil  ii.ll.-,  lyiiij:  on  the  stratum  granulosum,  and  forming 
the  lowest  liiytT  of  the  horny  portion  of  the  epidermis.  It 
is  ot^ou  indi.stinct. 

The  Btra>tiim  comeum  consists  of  numerous  layers  of  flat, 
liiqnamnus  i^lls,  and  forms  the  thick,  outer,  homy  layer  of  the 
epidermis.  The  cells  consist  of  a  hard,  homy  substance,  or 
keratin,  into  which  the  protoplasm  of  the  underlying  cells  has 
become  converted.  There  is  practically  no  vitidity  left  in 
these  cells,  but  they  are  well  adapted  to  protective  purposes. 
Jn  vertical  section  the  cells  appear  as  a  suaiession  of  wavy 
lines,  with  occasional  indistinct  traces  of  the  degenerated 
nuclei. 

The  corinm,  catis  vera,  or  dennis,  is  the  connective-tissue 
portion  of  the  skin,  of  mesoblastic  derivation.  It  is  a  firm 
iihrons  layer,  corresponding  to  the  tunica  propria  of  mncouEi 
membranes,  and  is  thicker  than  the  epidermis;  to  it  the  tirm- 
ness  of  the  skin  is  due.  It  consists  of  an  interlacing  network 
of  white  and  some  elastic  fibres,  among  which  are  scattered 
fusiform  (ronnective-tissue  cells;  mingled  with  these  are  numer- 
ous rapillaries,  small  lymph-vefiselx,  and  nervous  elements. 

The  upprr  mirfaee  of  the  corium  presents  numerous  oval 
papilla  pmjecting  upwanl  into  the  stratum  Malpighii,  which 
nils  the  intervals  lielwi-en  them.  Some  of  the  papillie  are 
occupied  hv  wipillary  loops,  others  bv  tactile  nerve-terminals. 
In  aome  situati<)ns  the  |Nipillie  are  elosi'ly  erowded,  in  others 
more  spar«'ly.  Tlie  arningenient  of  the  papilla;  gives  rise  to 
the  lines  of  the  palm  and  sole,  and  to  other  superficial  mark- 
ings elsewhere. 

The  foifcj'  xiirf'ii'i'  of  the  corium  is  jdane  and  mei^s  into 
the  SI ilicntii neons  tissue. 

The  BubcntaneooB  tissue  (or  superficial  fascia)  is  a  layer  of 

Inosf!  areolar  and  ndijwise  tissue  which  imderlies  the  corium 

and  extends  to  tlie  subjacent  structures.     It  varies  in  thick- 

in  dill'ereut  parts  of  the  bo<ly,  and  corresponds  to  the 


Hultmiu-oiiM  layer  of  mucous  membranes.  This  tin 
the  liir^ror  va^-tilar  and  nervous  bninche»,  aud  Paciuian  cor- 
puM^lori ;  tin;  liair-rollicles  and  sweat-giandd  pruject  down  iaiu 
it.  Noxt  to  the  corium  the  subcutaneua^  tissue  is  mostly 
loftse  uni)  areolar,  while  deeper  is  a  \'ariable  and  often  thick 
layer  of  fatty  tirisue,  the  panniattuM  luUpoaiw. 

The  sndoriparoiu  or  tWMt-gUodt  (Fig.  63)  occur  in  great 
abundance  over  the  entire  skin,  an<l  are  derived  from  ilown- 
growthrt  of  the  epidermic  epithelinm.  They  are  simple  tubu- 
lar glaiidtt  of  the  seroan  type,  onnsiHting  of  single  tubes  lined 
by  e|iithi-liiini  res^ng  on  a  basemen t-meni bra ne,  and  sup- 
{Nirtt^l  in  the  surrounding  nmnective  tissue.  Tliev  extend 
from  tin;  siirfiii-e  downward  into  the  sut>cutaneous  tissue  or 
lowcKt  |Ktrt  of  tlitt  corium,  and  their  deeper  portions  are  much 
oonvolntvil.  They  consist  of  two  parts,  a  secreting  portion 
and  an  outlut-duct.  The  itecrding  poriion  consistH  of  the 
lower  part  of  the  tube,  Monictimt-s  somuwhat  brancluti,  and  is 
coil<Kl  and  (»>nvnbiteil  into  a  rounded  nodule  situated  in  the 
tiubcutiuiootiri  ti^-4uc.  It"  i-ulil>r(r  is  lai^-r  than  that  of  the 
outlet  [Ktrtion,  and  it  in  IukmI  witli  :i  layer  of  <-obnnnar 
cpitlieliuiii.  B[!tw<>on  tli<;  cpitln-liiim-cclU  and  tlw'ir  liasenient- 
menihniiic  occur  si'iittcred  involuntary  muwcl (■-(■(■  lis. 

The  <mHH-ihirl  U  a  narrow  tui)e  of  uniform  size  lined  with 
two  lavi-rs  of  s|ili(;n)idal  epitheliiim-colls.  After  leaving  the 
eouvuliiii'il  s(!iTelory  poriion  of  the  tul>e  it  pursues  a  straiirht 
or  slifrhtly  wavy  i^nirse  to  the  epidermis,  which  it  enters  be- 
tween tilt-  papiilie.  In  the  stRitum  Malpighii  its  lining  is 
formal  by  the  eells  of  that  layer.  Thi-oujfh  the  stnitiim 
eorneiini  the  duet  jkhscs  to  tlie  siirfaei'  in  a  spimi  or  oork- 
wirew  cfHirse  through  the  horny  suhstanw.  The  Ci-ruminous 
t}lttn<h  of  the  "/*■  an'  UKKliHeil  sweat-f;lands. 

The  hftira  wvnr  in  the  skin  over  nearly  the  entire  surface, 
beiufi  i'S|)ecially  nnmennis  and  well  ilevelo)Kid  in  rertain 
re;iions.  They  an>  eoniposeil  of  horny  cells  derived  from  the 
epidermis.  The  lower  eiul  <)f  ea<;li  hair  exhibits  a  nninded 
enlar};|.|iienl,  the  hulb. 

The  m„t  of  the  hairs,  the  )iortion  iinbed<le<l  in  the  i^kin, 
extends  into  the  siiln'iitaneons  tissue,  and  is  siip|i<irted  in  and 
jri-ows  from  a  sheath,  llu- fniir-jn/fich;  formed  by  atlowngrowth 
of  the  epidermis  and  eoriuin. 


HAIR-FOLLICLES. 


A  human  hair  is  roiiml  or  flat- 
tenet)  un  I  made  up  of  three  part- 
a  cuticle,  a  curtvx,  anil  a  ni<  aullu 

The  cuiicU  is  a  thin  unltr  co\ 
cring  composed  of  thin  non 
nucleated  horny  plates  or  cell- 
imbricated  or  overlapping ,  thfir 
edges  form  irregular  trans^er- 
markings  on  the  surface  of  th 
hair. 

The  carter,  making  np  tin 
bulk  of  liair,  consists  of  slender. 
elongated,  fusiform,  horny  nii- 
oleflt«<l  cells,  arrangoil  longi- 
tudinallyand  cloi^ely  packed  and 
ee  men  ted  together. 

The   medid/a    is   not  alwav- 


contmuous  < 


present:   it  con- 


si  stA  of  nucleateu  polyhedral  eell> 
loosely a^regateu  inthe  axis  of 
the  hair;  these  cells  often  con- 
tain air,  giving  them  an  opaque 
appearance. 

Hairs  often  contain  pigment, 
deposited  in  the  cortex  ;  to  this 
pigment  and  the  air  in  the  med- 
ulla the  color  of  hair  is  due. 

The  liair-rolliclea  (Fig.  64), 
which  sii]i[K>rt  rhi'  hairs  ;ind  pro- 
vide for  llirii'iirnwtli,  are  sheaths 
formed  bvdnwnwanl  projections 
of  the  ciii<lermi8  and  corial  tis- 
sue. They  lie  per|»endicular  or 
oblique  to  the  siirfHce,  and  into 
their  up]>er  half  the  sebaceous 
f^Iands  o|)eii.  A  small  band  of 
involunlarv  muscle  extends  from 
the  lower  jwrt  of  the  follicle  to 
the  ooriuin  ncii)Bs  the  obtuse- 
■D^ed  side,  forming  the  erector 
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jnli  muscles,  which  elevate  the  hairs  and  cause  projections  of  the 
skin  at  their  bases  (cutis  anserina).  The  hair-follicles  consist 
of  two  parts — an  outer  fibrous  sheath  derived  from  the  corioni) 
and  an  inner  epithelial  portion  continuous  with  the  epidermis. 

The  outer  fibrous  shoi^  is  a  supporting  investment  of  fibrous 
tissue,  longitudinally  and  circularly  arranged^  continuous  with 
the  coriuni ;  its  innermost  layer^  next  to  the  epidermic  sheadi, 
is  a  translucent  basement^membraney  the  hyaline  layer.  At 
the  lower  end  of  the  follicle  the  corial  tissue  sends  a  cellnlar 
and  vascular  projection,  the  papiUa^  into  the  hair-bulb. 

The  inner  and  more  conspicuous  ^itbeUal  portion  of  the 
hair-follicle  is  formed  by  a  dipping  down  of  the  epidermis 
about  the  root  of  the  hair.  It  corresponds  mainly  to  the  rete 
mucosum,  the  stratum  comeuni  extenaing  inward  only  a  short 
distance  near  the  mouth  of  the  follicle.  The  epidermic  por- 
tion of  the  follicle  is  usually  described  as  consisting  of  two 
parts,  an  outer  root- sheath  and  an  inner  root-slieath. 

The  mder  root-sheath  is  a  continuation  of  the  stratum  Mal- 
pighii,  and  consists  of  several  layers  of  cells  siniilar  to  those 
of  that  layer  in  the  epidermis.  The  outermost  layer  of  col- 
umnar cells,  resting  on  the  hyaline  membrane,  is  very  well 
marked.  Alongside  the  expansion  of  the  bulb  of  the  hair 
the  outer  or  AIalj)ighian  sheath  becomes  thinner.  At  the 
lower  portion  of  the  bulb  this  sheath  curves  around,  upward, 
and  inward,  resting  on  the  papilla,  and  becomes  continuous 
with  the  cells  of  which  the  hair  is  composed,  which  are  thus 
formed  by  gradual  transition  from  the  Malpighian  cells ;  the 
innermost  cells  in  this  situation,  next  the  papilla,  become 
cuboidal  and  merge  into  the  medulla  of  the  hair,  while  the 
outer  cells  become  gradually  converted  into  the  elongated 
horny  cells  of  the  hair-cortex. 

The  inner  root'sheath  lies  between  the  hair  and  outer  sheath 
along  the  lower  half  of  the  follicle ;  above  it  changes  to  a 
homogeneous  sheath  which  fades  gradually  away,  w^iile  be- 
low, in  the  lower  part  of  the  bulb,  the  inner  sheath  is  gradu- 
allv  lost.  It  consists  of  three  lavers — Henle's  laver,  Hux- 
ley's  layer,  and  the  cuticular  layer,  from  without  inward. 

The  layer  of  Henle  is  a  thin,  tnuislucent  stratum  composed 
of  a  single  layer  of  flattened  cells,  next  to  the  Malpighian 
sheath.     Next  within  is  the  layer  of  Huxley,  consisting  of 
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three  or  four  strata  of  polyhedral  cells,  which  filain  deeply 
and  lire  ijcrhaps  analognus  to  those  of  the  stratum  granu- 
lostim.  The  innermost  layer  is  the  eulUii/ur  Inyer,  comuoged 
of  a  stratiim  of  overlapping  cells  lying  in  close  association 
with  the  ciiliclc  of  the  liair. 

The  sebaceous  glands  are  oval  glandular  teenies  lying 
alongside  the  upper  part  of  the  hair- follicles,  into  which  they 
empty.  Some  are  simple  or  single ;  others  divided  into  a  few 
saccules.  Their  secretion,  the  sehtim,  is  of  a  fatty  nature,  and 
serves  to  oil  and  soften  the  skin  and  hair.  In  some  situations, 
aa  the  labia  minora  and  glans  penis,  they  occur  unassix;iated 
with  hair^  and  o|icn  directly  on  the  surface.  Bobaceuns  glands 
are  supported  in  tlio  surr^mnding  fibrous  tissue,  have  short 
ontlet-ducts,  and  are  solid  raassesof  colls  withont  open  Uimina. 
The  peripheral  cells  are  smaller,  spheroidal,  and  darker  col- 
oretl ;  the  cells  in  the  centre  of  the  glands  are  much  larger 
and  clearer,  lieing  infiltrated  with  numerous  droplets  of  fat 
All  the  cells  have  well-marked  nuclei. 

The  nails  are  modifications  of  the  epidermis,  consisling 
essentially  of  a  much-thickened  stratum  lucidum.  The  lay- 
ers on  which  the  nail  rests  and  to  which  it  is  attached  form  its 
bed.  The  nail  grows  only  from  the  posterior  or  proximal 
part  of  the  Ijed,  or  the  mtilrix,  the  pale,  visible  convex  por- 
tion of  which  is  the  lunutn.  The  piwterior  edge  of  the  nail, 
its  root,  rests  in  a  groove  formed  by  a  fold  of  rete  mueosnm. 
The  corium  l>eneath  the  nail  exhibits  the  usual  fibrous  .struct- 
ure ;  its  surface  anterior  to  or  beyond  ihe  matrix  forms  longi- 
tudinal ridges,  representing  papilla;  over  the  matrix  are 
papillte  of  the  ordinarv  form.  On  the  corium  rests  a  stratum 
Malpighii  of  the  usual  type,  filling  the  depressions  between 
the  ridges,  and  overlaid  by  a  stratum  granulosum.  Ui>on  this 
is  the  body  of  the  nail  (cot-jdim  untpthitn),  a  thick,  horny  layer 
derived  fi-om  cells  which  have  l)een  transformed  into  kemtin  ; 
it  represents  a  highly  develo|tcd  stratum  Incidum,  and  is 
formed  only  over  the  matrix,  where  continual  growth  keeps 
forcing  it  onward  over  the  remainder  of  its  bed.  There  is  no 
stratum  corneum  over  the  nails. 


1 


CHAPTER    XIII. 


Tl 


The  action  of  tl 
remove  from  tlie  b 
fluous  ingetitcd  md: 
of  the  kidneys,  iirH 
male  being  aln<>  iitU 


IS  excretory,  serving  to 
ilio  pro(]ticts  and  super- 
inary  apparatus  consists 
iiretlira,  the  latter  in  the 
I  function. 


The  Kidneys. 

General  structure:  The  kidne;/s  are  compound  hibular 
glands,  Thev  o.\liil)it  two  piirti?,  the  )iarenchymu  or  secreting 
portion,  and  the  sinns,  a  cavity  containing  tlic  calices  of  the 
ureter  in  which  the  urine  collects  and  is  discharged  into  the 
ureter,  which  is  the  oiitletniiict  of  the  kidney.  The  sinus  is 
situated  within  the  kidney,  of  whicli  the  concave  inner  mar- 
gin constitutes  the  hilum  of  the  organ,  where  the  ureter,  renal 
artery,  vein,  lymphatics,  and  nerves  enter.  The  renal  paren- 
chyma is  arrange<1  in  a  radiating  ninnner  about  the  sinus,  and 
consists  of  two  well-marked  zones,  an  outer  or  cortex,  and  an 
inner  or  medulla. 

The  Btmctnral  elements  of  the  kidney  are  the  uriniferous 
tubules  (beginning  with  prominent  rounded  bodie.s,  the  Mul- 
pighian  bodies),  bloodvessels,  and  sustentaculur  connective 
tissue,  besides  inconspicuous  lymplmties  and  nerves  and  the 
lining  of  the  sinus.  The  kidneys,  being  derived  from  the 
foetal  Wolffian  body,  are  develope<l  from  the  niesolilast,  thus 
forming  a  notable  exception  to  the  usual  epiblastic  origin  of 
epithelium. 

The  jnedolla  of  the  kidney  is  composed  of  a  number  (eight 
to  eighteen)  of  conie-.d  IxkUcs,  called  the  p;iramidn  of  Mal- 
pighi.  These  radiate  about  and  fmm  the  renal  sinus,  with 
tlieir  bases  outward,  resting  against  the  cortex,  and  their 
apices  pointing  in   toward  the  renal  pelvis  (of  the  ureter), 


MEDULLA    OF   THE  KIDKEY. 


into  the  cavities  of  the  ijiibdi visions  of  which  (calices)  their 
apices  project  us  papillee.  Tlic  pvraiiiidg  (ur  the  ronul  medulla) 
have  a  light  cnhtred,  shining,  striated  apjiearanee,  the  striie 
bfinjr  radiating  or  nearly  panLllcl.  Two  zunes  iii  the  medulla 
are  sometimes  distinguished,  an  outer  "boundary  layer"  and 

Fio.  65. 


an  inner  "papillary  layer."     The  substance  of  the  pjTaniids 

consists  chiefly  of  straight  urinary  tubules  cnnvprjjing  to  the 

apices;  these  produce  the  striated  appearance  of  the  pyramids. 

The  pyramids  are  often  sepanitcd  from  one  another  by 


\ 


f 
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wnlln  or  nr(K*9«e«  of  the  corliral  subirtaDfv  dipping  Jown 
li(<t\vi-i>ii  lliciii,  nillwl  till?  i-olumuiF  lieiiiui:  in  lUtt^r  ciAwntm 
tliii  IiI<i<ii1v<'!>si'In  jnub  into  the  rtubstancc  of  the  kidiwy. 

'rill'  iiihilt  hiinuiii  kiilnov  ih  not  oormallr  iIIvuImI  into 
hilM's;  hut  ill  ru>m<]  iuiiinmal«  anO  iii  early  Kuman  lift-  ibr 
kiihu'y  U  IiiIhiI,  oaoh  MutpiRhiiin  prmmiJ  with  ibe  ail)an:nl 
i<i>r(l(<iil  suhntunw  '       '  "■'-  -'  lobe  separated  from  other 

Ui\n-it  tiy  oK-ris  ill  V. 

'Pho  oorttz  of  tl  k-refl  ^ nintilar  icntie,  much 

iiari-iiwi-r  tliiui  thu  i,  iin<]  fttmiing  the  [leriph- 

I'l')',  jii«l  uiiiiornw"  It  nls<i  kimIs  pmc«>!vie^ 

(hlwii  L.twi-fii  thti  imi»I«,  the  eo/uHiHtf-  Hrrtiui 

niriniurii'il  iihuve.     im.  of  the  cortex  te  divided 

iiitii  ilir  |iM'ikiriiiU  nf  Kernri  le  ink-rpymtuidal  r^iotia, 

s\  liiuli  iilitniiile  with  one  an. 

Thi'    iiiinimiilH  of  Frrrfii.,  latiUlarj/  raya,  or  rortieal 

/(«(■((/(» ('((k.  Hit'  imrpow  hiunlleM  a  h«nvGs  of  struight  tiitiiiles 
wlii<'li  iiuliulo  l'n>iii  Ih.'  <ni1.'r  l.oimihirv  [.f  the  M:>1)>i^'hi»n 
t.vn.iiii.l-  Ihrnu^rh  th.^  ,:.rW\   nr.iHv  to  tlio  p.-ripherv.      The-e 

.■.'.ni.v.l  ,.vmim,i n>is|  ..I'  .iniif,'lit   ]...rli<.ns  uf  ila- nHnifrr. 

iiiH  liiliiilos.  whirli  aie  ri)ntiiiiiiitiuiis  of  tlie  radiating  tubules 
III'  ilii'  Miil|>i^'1ii;iii  |ivriiiiiiils,  carli  of  the  latter  giving  off  a 
1111111I1.C  i.r  |.yriitiiiii«'.ir  I'Vrn'iii  fnmi  its  base.  The  tubules 
ill  ihr  niiirr  iiri-  iiiii^T  than  tliiHO  ttn  the  outside  of  each 
pyniiiiiil  111'   Ki-rrriii,  jriviiifi  it  tlie  sha|M;  of  a  cone  with  a 

Thi'  inti'rvat-'  ["■twrfti  llie  eiirlinil  pyramids  are  occupied 
!.v  thr  i-il.T/.i/riniii'l'i!  xiili^liniti-  (or  liil.'yrinth)  of  the  cortex. 
'I'iii-  i-i.ti,>^isls  iif  till-  (i)ilc(l  and  irrcfriilar  portions  of  the 
iiriniriT<iii-  liilmlos,  Iwislitig  in  all  di  reel  ions,  studded  and 
irilririiinL'Irrl  wilh  ihi'  nnnii'i-otis  |iiMminont  round  Malpighinn 
iM»lirs,  whii-h  ;;ivi'  ihe  mrtex  its  gniiuiliir  plmrneter. 

Till-  inler|iyraniidal  corliriil  regions  eoniprisc  the  active 
wcfrelory  jNirts  of  tlie  kidney  ;  the  pyniniids  of  Ferrein  and 
Malpighi  simply  conliiiii  i-nndiieting  tnbnies. 

Tlie  Bnstentacular  conneGtive  tissue  of  the  kidney  consists 
of  the  capsule,  the  inicrtnhiilar  or  interstitial  tiswtie,  the  peri- 
vasciiliir  tissue,  iin<l  the  connective  tissue  lining  the  wall  of 
the  renal  sinus  ami  continuinis  with  the  |ielvis  (ureter). 

The  capsule  is  a  firm  fibroiw  membrane  enveloping  the 


SVSTE^iTACULAR  CU.VNECTIVE  TISSUE. 

gland  ;  it  U  connccteil  with  the  tlelicafe  iiitprtiibular  tissue 

of  tlic  iDterior;  but  as  it  does  not  send  any  firm  trabeculie 

Fia.  ee. 


or  urinifcroiii  lubule*  (Klein).     A.  rortoi  of  kidiMjr: 

I  nunc,  ajin  <.,  nnlllary  noiilon  at  Malplihlan  pynniid :  a,  aubcap- 

Dn.Knd  1',  Inntr  poniiin  ofcorlci  diaUlDtcnr  Nalplslilari  IhmIIhj 

ibian  body,  caf«ulcor  Bowman. and  Elometulux:  2.  neck:  S,  proxloiBl 

led  tubulBT  1.  aplral  tnhnlK;   5.  descendlns   limb  of  Ilenle'i  Irmp; 

L  Henle'i  l«>p:  7,  \  U, amending  limb  at  Heale'a  loop:  10,  frrcKolar  lulula; 
.1   ..^_. 1...  .  .    .  ,„  Enrrei)  tubale:  13,  H.  cuttedUng  tabula. 
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into  the  gland  it  can  normally  be  easily  stripped  off  from  the 
anrface. 

The  connective  tissue  permeating  the  renal  parenchjtna 
{the  inteiiuhular  or  iiitenitilini  ti»nue)  is  a  delicate  tissue,  very 
small  in  quantity,  penetrating  hetween  and  supporting  the 
uriniferous  tubules  and  vascular  clianncln ;  it  consists  chiefly 
of  the  basemen  t- mem  bra nes  on  which  the  tubules  rest.  Some 
connective  tissue  also  accompanies  the  vessels  entering  at  the 
hilum,  and  in  and  lieneath  the  lining  of  the  renal  sinus  are 
considerable  quantities  of  fibrous,  areolar,  and  adipose  tissue. 

The  uriniferous  tubulee  (Fig.  66)  are  the  secreting  or  gland- 
ular elements  of  the  kidney.  They  consist  of  long  tubes, 
which  (except  the  larger  collecting- ducts)  are  single  and  un- 
branelied.  They  are  liued  with  a  single  layer  of  epithelium- 
cells  resting  on  a  basenient-mcmbrane,  and  in  different  ])arts 
of  their  course  exhibit  different  divisions  varj'ing  in  arrange- 
ment, form,  and  structure.  The  parts  into  which  the  tubules 
are  divide<l  are,  in  their  order,  as  follows :  Malpighian  body  ; 
neck;  proximal  or  first  convoluted  tubule;  spiral  tubule; 
the  liHipofHenle  (consisting  of  a  descending  limh  and  ascend- 
ing limb);  irregular  tubule;  distal  or  second  W)nvolute<l 
tubule;  cur\'ed  or  arched  tubule;  straight  collecting  tubule, 
and  tube  of  Bellini. 

The  Malpighian  body  is  a  hollow  spherical  structure  or  ex- 

fanded  sac  forming  the  beginning  of  each  uriniferous  tubule, 
ts  wall  is  formetl  iiy  a  membrane  called  the  capsule  of  Bow- 
man, and  into  its  caviti',  but  covered  by  its  epithelium,  pro- 
jects a  tuft  of  capillary  bloodvessels  called  the  glomerulus. 

The  i-npmic  of  Boirmnn  consists  of  a  single  layer  of  squam- 
ous epitiiclium  resting  on  a  hasement-memhrnne.  It  forms  a 
hollow  s|iheri(^l  sac,  the  cavity  of  which  at  one  point  ojtens 
into  the  proximal  convoluted  tubule  through  a  small  neck. 
The  layer  of  sijuamous  epithelium  is  invaginated  into  the 
cavity  so  as  to  form  a  complete  covering  for  the  glomerulus 

The  (/Innu^iUim  is  a  tuft  of  capillaries  coiled  into  n  spherical 
mass  nearly  filling  the  interior  of  the  Matpighian  i>o<ry. 

The  capillaries  arise  from  a  single  affcrenl  rexgd,  and  unite 
to  form  a  single  slightly  smaller  ejferrnt  resae/;  these  two  ves- 
sels enter  and  leave  the  glomerulus  together,  forming  a  sort 
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of  stalk  for  the  tuft,  at  a  point  upposite  IIil-  neck  or  junction 
of  the  body  with  tlie  urinifprous  tuhnle. 

The  surface  of  the  glomeruhis  is  covered  with  a  layer  of 
Mjuamous  epilhchiim  ("tuft-cells"),  dipping  down  into  the 
depressions  DCt ween  the  capiilary-lnops;  this  epithelium  is  a 
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I.  Inlprlobulur  artrry;  b,  aStrsnt  thhI: 
ciivJt)'  of  Ihp  raiBiilp;  /,  brclntiEug  of 

reflection  of  that  lining  the  capsule  of  Bowman,  willi  which 
it  irt  continuous  at  the  stalk  of  the  glumernhis. 

Thns  the  frlomeruliis  is  "mit-ide"  the  .-apsulc  «f  Bfiw- 
niaii  JMst  ii-i  the  heart  is  outside  the  eavily  of  llic  pi>ricanliuni. 

MAlplghian   bodies— arrangement  and  function :    'J'lie  Mai- 
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[ligliian  lK>'lic-s  arc  till  ^itUfttod  in  the  iiiterjiyniniiila]  [inrtinfts 
of  tUe  cortex,  wiiicli  they  Htiid  a^  pruiniiieiit  graiuiiur  puiuU. 
Tht)  arrang(;riicnt  of  ttie  MalnigliisD  body  in  :idapte<l  to 
secn-tory  action  ;  tlie  expaii<liKl  glomerulus  affords  a  lai^e 
surface  over  wliirli  fluid  may  transude  from  the  blootl  cir- 
culatiug  ill  lla-  lajiillaricH  into  the  cavity  of  the  eapriule  and 
urinifenius  tulmU'.  The  slightly  smaller  size  of  the  efferent 
vesael  is  explainable  on  the  ground  that  the  blood  entering 
by  the  afferent  vessel  losea  a  portion  of  its  fluid  through  the 
walls  of  the  glomerulus. 

The  neck  of  the  uriniferous  tubule  ie  a  constricted  portion 
at  the  junction  of  the  Alalpighiaii  body  with  the  proximal 
convoluted  lulmlc.  At  this  piHnt  the  squamous  (wlls  of  the 
capsule  of  Biiwiiian  bei-onie  thicker  and  mei^  into  the 
cubiiidal  ceils  tliiit  line  the  convoluted  tubule. 

The  proximal  coaTolnted  tnbnle,  the  first  iH)rtioii  of  the 
uriniferous  tube,  is  much  twisted,  contorted,  and  bent.  It  is 
linetl  with  a  single  luyer  of  columnar  or  sphcnmlttl  epillie- 
lium-cellrt,  which  are  t^triatiHl  toward  their  attached  bai^'ti; 
these  cells  are  opaque,  granular,  soTnewhat  irregular  iu  shape 
and  nnequal  in  i^ize,  and  of  glandular  type.     The  proximal 
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nuclei  nf  whicli  cause  a  slight  bulging  at  tlie  centre  of  the 
cells,  vVs  tlie  nuclei  and  Viulging  jmrtions  uf  the  cells  alter- 
nate on  up{Misitc  sides  of  this  tubule  its  lumen  appeals  slightly 

RIDUOUS. 

The  ascending  limb  of  Henle's  loop  is  situnttnl  partly  in  the 
Malpighian  pyraniiil  ami  partly  in  tlii;  pynituid  of  Ferrein. 
It  is  Mraigiit,  [Nir.illil  witli  tlic  ilei^cending  limb,  and  is  lined 
with  a  single  layer  of  e.i)liin»iiur  epithdiuni. 

'Jhe  irregular  tnbnle  is  the  iiortion  of  the  urinifcroiis  tubule 
succeeiiing  the  ascending  limb,  and  is  sitnulcii  in  the  inter- 
pyramidal  cortical  sulwtance.  It  pursues  an  irregular  angular 
course,  and  is  lined  with  striated,  t-imple  columnar  epilhelium. 

The  diatal  conTolnted  tTibule  succeeds  the  irregular  portion, 
is  situated  in  the  intcrpymmidal  cortex,  and  is  similar  in  all 
respects  t«  the  proximal  conviduted  portion  of  the  uriniferons 
tubule. 

The  curved  or  arched  tnbale  is  a  short,  curved  tube,  in  which 
the  distal  oonvuluti'd  tubule  terminates.     It   passes  into   a 

t)yramid  of  Ft-rrcin  and  empties  into  one  of  the  straight  col- 
ecting  tubules.  It  is  lineii  with  low  cuboidal  epithelium 
resembliug  that  of  the  straight  tubes. 

The  Btxaight  collecting  tubes  iR'giii  iu  the  pyramids  of  Fer- 
rein and  pass  in  ^(^li^:ht  lines  through  the  medulla  of  the 
kidney  to  the  apices  <A'  ihu  Mulpighian  pyramids,  where,  hav- 
ing successively  uniteil  into  a  smaller  number  of  ducts,  of 
larger  size,  they  empty  into  the  c.dices  as  above  stated. 
These  lai?:est  discharging  ducts  are  called  the  lubes  of  Jiilliii!. 
Into  each  collecting  tube  opens,  in  the  pvramids  of  Fer- 
rein, a  number  of  the  curved  tubules  by  wiiicli  the  secretory 
KrtioDsof  the  uriniferous  tubules  arc  connected  with  the  col- 
!ting  tubes. 

In  this  manner  the  urine  secreted  by  the  secretory  tubules 
Uoollectdl  and  discharged  into  the  pelvis  of  the  kidney. 

The  collecting  tubes  liave  large  open  lumina,  and  arc  lined 
with  n  single  layer  of  clear  columnar  epithelium  cells,  which 
are  shorter  in  the  cortical  jw^rlion  of  the  kidney  and  become 
longer  in  the  pjipillary  region  and  tubes  of  Bellini. 

The  bloodvessels  of  tbe  kidney  (Fig.  68)  are  branchcH  of 
the  renal  artery  and  vein.  These  vessels  enter  the  kidney 
at  its  hilum  anil  pass  into  the  areolar  tissue  within  and  lin- 
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ing  the  sinus.  They  givo  off  twigs 
which  i^upply  this  region  and  divide 
into  a  numlier  of  branches,  the  arteriee 
and  cciuF  pi-Dprlte  rttialee,  which  pass 
outward  in  the  columns  Bertini,  be- 
tween the  Malpighian  pyramids. 

On  nuiching  the  bases  of  these  pyra- 
mids they  divide  into  the  arcuate  ar- 
teriex  and  veim,  whicii  follow  the 
boundary  between  the  cortical  and 
raiKlullary  regions  and,  anastomosing 
with  one  another,  form  complete  ar- 
terial and  venous  arches  over  the  bases 
of  the  Malpighian  pyramids.  From 
these  arches  two  seta  of  small  vessels 
are  given  off,  one  the  ijiterlobular,  pass- 
ing radially  outward  int^t  the  cortex  ; 
the  other,  the  vana  recta,  converging 
inward  to  supply  the  medulla. 

The  inteTlobnlar  arteries,'  or  cortical 
arteries*,  are  email  straight  branches 
from  the  arterial  arches  [wssing  radially 
outward  in  the  inlerpyraniidal  cortical 
regions,  midway  iK-tween  the  pyramids 
of  Ferrein.  They  give  off  a  small 
twig  to  each  of  the  Malpighian  bodies 
along  their  course,  which  enters  the 
glomerulus  as  its  afferent  vessel.  In 
the  glomerulus  the  afferent  vessel 
breaks  up  into  a  capillary  tuft;  the 
capillaries  then  reunite  to  form  a  single 
effererd  remel  leaving  the  glomerulus. 
These    efferent    vessels    then    mostly 

'  Each  pyrHFiiid  of  Ferrein,  with  the  Iribulary 
iiiterpvriLiiiLilal  tubules  in  iu  vicinity,  mnv  b« 
rei^araed  he  b  diidiiirt  section  or  [ihyiilolct^ra] 
lobiile  of  tlie  renal  cortex,  though  ihev  are  not 
marked  off  from  one  iinother  by  definite  boond- 
iiries  into  dintinrl  lohiilex.  Tlie  wrtlual  url^riea 
pnss  lielwcen  lliepp  wyotions  or  lobules,  whence 
the  term  inlerlubulur. 
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:  up  into  anollier  tntpillary  uetwork  enveloping  the  urj- 
□iCerous  tubules  in  the  pyramids  and  iiitefpvruniidul  region;; 
uf  the  c-urtcx.  These  capillaries  then  unite  again  and  empty 
into  the  iiilrrMni/ar  rdiis,  which  occupy  a  tiitiiation  corre- 
spiinding  to  that  of  the  inti-rlobular  arteries,  and  empty  into 
the  venous  arches.  The  capillaries  beneath  the  capsule  unite 
in  venous  branches,  the  dr/lute  veiiiK,  which  meet  in  a  atar- 
sha)>cd  manner  and  empty  into  the  interlobular  veins. 

The  aiteriffi  recta  are  small  straight  arterioles  which  arise 
in  large  nuniberH  I'mm  the  concave  sides  of  the  arterial  arches 
und  jKiss  intti  ihe  Malpighian  pyramids,  convei^ing  to  the 
apices  of  the  hitter.  They  divide  into  elongated  capillar)- 
meshes  cuihracing  the  uriniferuus  tubules  of  the  medulla. 
A  few  arterioiffi  rectie  are  also  derived  from  afferent  vessels 
of  some  of  the  glomeruli,  which  pass  into  the  mi-dulla,  instead 
of  breaking  up  iuto  capillaries  in  the  cortex.  The  blood  from 
the  medullury  capillaries  is  collected  by  the  eeiuv  rccUr,  which 
are  arranged  Miiiiilarly  to  the  arteriu;  rwtif  and  t'liiply  into 
the  venous  arcliL's. 

The  Btructiures  composing  the  different  parts  of  tbe  kidney 
m&7  be  recapitulated  as  follows  :  the  inl<rp>iramiihil  portions 
of  the  cortex  contain  the  Malpighian  bodies,  the  proximal 
and  distal  convoluted  tubules,  the  irregular  tubules,  the  curved 
tubules,  and  the  interlobular  vessels. 

The  pyromuis  of  Firrcln  contain  the  spiral  tubules,  jiart  of 
the  ascending  limbs  of  Hcnle's  loops,  and  portions  of  the 
straight  collecting  tubes. 

The  mednlln  contains  the  descending  and  part  of  the 
ascending  limbs  of  Henle's  loops,  jwirt  of  the  straight  <:olleet- 
iog  tubes,  the  tubes  of  Bellini,  and  the  vasa  recta. 

The  secretion  of  the  nriue  is  accomplished  somewhat  as  fol- 
lows :  In  the  Malpighian  bodies  fluiu  transudes  or  filters  from 
the  blood  through  the  thin  capillary -walls  and  s<iuamons  cells 
into  the  cavity  of  the  fflpsule  of  Bowman.  The  fluid  thus 
eeparated  is  supposed  to  l>e  mainly  water,  with  very  little 
solids.  The  glandular  epithelium  of  other  portions  of  the 
tubules,  the  convoluted  tubules  espocially,  then  remove  fn>m 
the  Woixl  in  the  surmnnding  capillaries  iiie  solid  constituents 
of  the  urine  by  a  true  secretory  process  ;  these  solids  are  <lis- 
aolved  by  the  fluid  passing  down  the  tubules. 
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The  pelviB  of  the  kidney,  centrally  situated  at  one  side,  is 
continuous  witli  or  forms  the  upprr  extrmtity  nf  tiie  vretet: 

This  expanded  upper  end  of  the  ureter  divides  into  twu  or 
three  divisions  or  infundibvla,  and  these  into  calicen  into 
which   the   apiees  of  the   Malpigliiun   pyramids  project  as 

The  wall  of  the  renal  pelvie  consists  of  three  layers,  inticHnis 
(eiimposiHl  of  cpithetiiim  and  n  tunica  propria),  mti^Xiular,  and 
fibrous  or  areolar.  The  superficial  layer  of  the  miioo.-i!i  con- 
sists of  stratitiMl  squamous  epithelium,  of  the  variety  called 
traneitionul,  made  up  of  a  few  layers  of  cells  rapidly  changing 
from  the  deeper  spncroidal  to  the  supcrlicinl  snuamous  form. 
The  epithelium  rests  on  a  Gbroun  tiiniea  iimpHa,  Ix-ncath  which 
is  a  fibi'o-mU8ciilar  layer,  containing  invohmtarv  miisele-cells. 
Underneath  the  latter  is  a  broad  layer  of  fibrous  tittle. 
Within  the  renal  eiinus  is  a  variable  amount  of  anmlar  tdsmte, 
extending  to  the  kidney-natvnchyma,  nnd  usually  containing 
considerable  masses  of  aoipose  tisane.  In  this  areijlar  tissue 
the  larger  arteries  and  veins  of  the  kidney  are  situated  and 
subdivide.  The  mucosa  is  said  tii  contain  a  few  small  race- 
mose glands,  though  the  presence  of  sucli  glands  in  the  urinary 

trnM  is  rlismitix) 
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18  oODtraoted,  cODsist^  nf  an  epitlieliul  layer,  tunica  propria,  and 
submiKHisu. 

Tlie  euifheliujn  lioing  the  bladder  consists  of  a  few  layers  of 
stratified  squamous  or  trun:iitii>Lial  cpitlieliuiu  (Fig.  12),  cou- 
tinuous  with  and  Hirailar  to  that  lining  tiie  nretera  and  renal 
pelvis.  The  superficial  layei-  of  cells  in  the  epithelium  is  a 
stratum  of  thick,  squamous,  or  lenticular  relb,  possessing 
sometimes  more  than  one  nucleus  each  ;  the  lower  surfaces  of 
these  cells  exhibit  indentations  into  which  the  underlying  cells 
project.     The  cell>i  lieueath  this  outermost  layer  are  oval  or 

{lyriform  and  perpendicular  to  the  surface  ;  the  two  or  three 
avers  beneath  these  arc  spheroidal  or  irregular  germinal  epi- 
thelial ceils. 

The  epithelium  rests  on  a  firm  tihrwiA  lunica  prnpria ;  be- 
neath this  is  a  layer  of  loose  or  areolar  Hiibiiiucous  lUinie  con- 
tinuous with  the  fibrous  tissue  permeating  the  muscular  coat. 
A  few  small  racemose  niwoim  glnndu  are  said  Eu  \k  present  in 
the  mucosa  of  the  base  of  the  bladder. 

Outside  the  submuixisa  is  the  thick  moacnlar  la^er,  composed 
of  &sciculi  of  involuntary  niu.scle  supporte<l  in  fibrous  tissue. 
The  arrangement  of  the  muscular  fasciculi  is  rather  indefinite, 
but  in  general  three  layers  can  perhaps  l>e  distinguished  :  an 
inner  longitudinal  layer;  a  middle  circular  layer,  thickened 
at  the  neck  of  the  bladiler  to  form  the  sphincter  vesicie ;  and 
an  outer  longitudinal  layer. 

Outside  of  the  muscular  coat  is  a  fibrous  la.yei,  of  areolar 
ttaaue,  which  over  a  large  portion  of  the  fundus  of  the  bladder 
is  covered  by  jieritoncum. 


The  Urethra. 

The  femalo  nretbra  is  lined  internally  with  epithelium,  strati- 
fied s(|uamous,  or  sometimes,  it  is  said,  simple  columnar.  The 
epithelium  rests  on  a  firm  tunit-a  propria,  which,  especially 
toward  the  meatus,  has  papilla;  projecting  into  the  opitnelium. 
Beneath  the  tunica  propria  is  a  loose  mibmucosa,  which  con- 
tains expanded  %'enous  sinuses  forming  an  erectile  tissue. 
Small  racemose  nuicous  glands  (urethral  or  IJHrf's  ijlanda) 
also  occur  in  the  submiicosa,  most  numerous  at  the  meatus. 
The  mucosa,  consisting  of  the  alrave-meutioDed  layers,  lies  in 
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The  urethra  is  surrounded  in  its  prostatic  portion  by  the 
prostate ;  in  its  penile  portion  by  the  corpus  spongiosum  ;  be- 
tween these  two  portions  is  a  short  interval,  the  membranonH 
portion,  in  which  the  urethra  is  supported  in  fibrous  tissue. 

The  urine  is  a  clear,  homogeneous,  serous  secretion,  contain- 
ing a  slight  amount  of  mucus.  A  very  few  adventitious  ele- 
ments may  be  normally  present — detached  epithelium-cells, 
mucous  corpuscles,  stniy  leukocytes,  and  spermatozoa.  In 
abnormal  conditions  a  variety  of  organic  formed  elements  and 
crystalline  or  amorphous  solid  substances  may  appear. 


CHAPTER   XIV. 

THE  REPRODUCTIVE  SYSTEM. 

The  consideration  of  the  organs  of  reproduction  nataraUy 
fiills  into  two  parts,  those  of  the  male  and  t^oee  of  the  fonale. 

HALE  aENZTAL  OROAVS. 

The  male  genital  organi  oonsiat  of  the  testicles,  the  epidid- 
ymis, the  vas  deferens,  the  seminal  veaiclesi,  the  prostate, 
Cowper's  glands,  and  the  penis,  besides  vestiges  of  foetal 
structures.  The  main  portion  <tf  tliese,  the  testes  and  seminal 
ducts,  are  derived  from  the  embryonic  Wolffian  body,  and 
their  epithelium  is  therefore  of  niesoblastic  origin. 

The  scrotom,  the  |>ouch  oontiiining  the  testicles,  is  covered 
externally  with  skin,  thin  and  plicated.  Boiieath,  and  closely 
connected  with  the  skin,  is  the  dartos,  a  layer  of  vascular 
contractile  tissue  composed  of  areolar  tissue  and  involuntary 
muscle.  A  septum  from  the  dartos  divides  the  scrotum  into 
lateral  halves.  Beneath  the  dartos  are  strata  of  areolar  and 
fibrous  tissue — the  intercnlumaar  fascia,  cremasteric  fascia,  and 
fascia  pn)pria ;  the  cremasteric  fascia  also  contains  strands  of 
striated  and  non-striated  muscle.     Beneath  these  layers  is  the 

Sarietal  layer  of  the  tunica  raginaJix,  a  closed  serous  sac 
erived  from  the  perit^meum  and  invaginated  into  itself  to 
form  a  covering  for  the  testicle. 

The  Testicle. 
The  testicle  is  a  comjMund  tubular  gland  in  which  the 
spermatozoa  are  generated.  Attached  to  the  posterior  aspect 
of  the  testicle  is  the  epididymvi,  which  consists  of  a  btxly,  an 
expanded  upper  extremity,  or  head,  called  the  globus  major, 
and  a  smaller  lower  extremity,  or  tail,  the  globus  minor. 
The  testicle  is  essentially  a  congeries  of  tubules,  secretory 
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and  otKiiicting,  called  tlu'  seminiferous  tubules,  Kuppork-f)  in 
a  mmnccti vc-t issue  framework.  It  is  well  supplied  with 
bloodvessels, and  also  has  lymph-channels;  ite  nerve-supply  is 
inconspicuous  and  obscure. 

The  surface  of  the  testis  is  covered  with  a  serous  membrane, 
^e  visceral  layer  of  the  tuniea  rngiiin/l«;  this  sac  is  invagi- 
Dat«d  over  the  testis  from  behind,  leaving  a  hiatus  or  hilum 
for  the  entrance  of  the  elements  of  the  spermatic  cord. 

The  aoBtentacnlar  connective  tissue  of  tbe  testis  consists  of 
the  tunica  alhuginea,  metliastinum  tcslir^,  and  interlobular  and 
intertubular  tiiwue. 

The  lunicn  albugtnen  is  a  <lense  fibrous  capsule  enveloping 
the  organ,  lying  underneath  and  merging  into  the  visceral 
layer  of  the  tunica  vaginalis.  .\t  the  posterior  part  of  the 
testis  the  tunica  ulhnginea  is  thickened,  forming  a  longitudinal 
ridge  or  mass  called  the  mediaslinvm  teMw,  or  corpus  of  High- 
mare;  this  contains  a  system  of  communicating  spaces,  the 
rete  tetfi». 

In  infancy  numerous  well-marked  fibrous  irartitions  (in/er- 
tobuiar  septa)  radiate  from  the  mediastinum  testjs  and,  extend- 
ing across  toward  the  tunica  alhuginea  opposite,  divide  the 
testicle  into  a  nnmlier  of  conica]  (X>ni|tartments  or  lobules, 
with  their  apices  directed  toward  the  mediastinum. 

The  adult  and  fully  developed  testicle,  however,  is  often 
less  completely  and  lest*  conspicuously  divided  int<j  lobules, 
the  interlobular  ^ejiia  being  occasional  rather  indefinite  fibrous 
latninie,  a  little  thicker  than  the  intertubular  septa. 

Lining  the  interlobular  septa  and  the  inner  surface  of  the 
tunica  alhuginea  is  the  ttmica  vascu/oau,  a  layer  ()f  areolar 
tissue  containing  abundant  bloodvesscK 

The  individual  seminiferous  tubules  ai-e  si'parated  from  one 
another  by  the  inirrtnfmlar  litatur,  thin  connective  tissue  parti- 
tions containing  cinullaries  and  providing  liasement-membranea 
for  the  tubules.  In  places  witnin  the  intertubular  tissue  arc 
sitiutteil  groups  of  lai^c  sphemidal  epithelioid  (?)  cells,  inter- 
Btiiifil  eell-K. 

The  seminiferonB  tubnlea  exhibit  several  divisions,  which  are, 
from  their  Wginniutr  onward,  as  follows:  convoluted  tubules, 
tubuli  recti,  n-tc  testis,  vusi  efi'erentia,  and  epididymis.  The 
WWVolut^  |>ortionB  generate  the  «i>ermatozoa,  the  remaining 
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Heminal  iliicts  iirp  coniiiirtin^^^iiannels  or  secrete  fli 
uents  of  tlie  sfiiicu. 

The  convoluted  tubules  ni*  single  or  hraiiched  ttibee,  of 
lai^  (lianifttr,  coiled,  Ik-iiI,  and  twistwJ  in  intricate  convolu- 
tions, citjst'ly  packed  togetlier  so  as  to  fill  practical  l_v  the  entire 
testicles.  They  are  tiurnuinded  by  well-marked  haf^rnent- 
menibrane^,  and  th  '       "  teil  t'mm  one  aiiotlier  by 

the  thin  intertnbuk,  ■.    Tiie  tiibnles  are  lined 

by  sevenil  layers  of  which  tlic  spermatozoa 

are  geiunitcd. 

The  tkciwst  or  p  'thcVmm  con-iiatn  of  large 

sDheroiilal  spermat<,  matogonia")  resting  on 

tne  Imei'nient-memh.  ieh  are   occa^^iunal  long 

gu^erUaciihr  cclJ«  {"  tisof  Sertoli")projecting 

inward  mimnp  the  ot  tlie  lumen. 

Upon    llic.-c  parieiii  layer   or  two   of  large 

ephcroitliil  cells,  inolher-cais,  aenved  from  the  "spermato- 
gonia." Next  internal  to  these  are  a  greater  number  of 
smaller  spherical-cells  ;  these  are  called  davghter-celh  (also 
called  "spermatids"  and  " spermatoblasts "), and  are  derived 
from  the  mother-cells. 

The  daiifs^hter-cells  elongate  and  develop  into  the  sperma- 
tozon,  (descrilied  below),  which  are  located  in  clusters,  their 
heads  (until  they  become  separated)  being  attached  to  the 
(laughter-cells  and  their  tails  projecting  into  the  lumen.  The 
lumen  of  the  tubules  contains,  besides  the  spermatozoa,  a 
broken-down  granular  material. 


1 

constit-  ■ 


is :  The  development  of  the  successive  layers 
and  generations  of  spermatogenic  cells  and  the  spermatozoa 
takes  |ilace  by  kan-okinesls. 

All  parts  of  the  seminiferous  tract  are  not  simultaneously 
engaged  in  active  cell-division,  but  the  ditferent  .stages  of  the 
process  are  ob.scrvable  in  different  regions  at  the  same  time. 
While  karyokinesis  and  the  production  of  spermatozoa  are 
a<^tively  going  on  in  some  places,  in  others  the  cells  are 
quiescent  and  spermatozoa  absent.  Some  of  the  details  of 
tne  process  of  generation  of  the  spermatozoa  are  still  undeter- 
mined or  in  dispute.  It  i;;  suppose<i  that  during  their 
generation   the  number  of  uhromosomes  of  the  S|)ermatozoa 
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beoumes  "  reduced  "  to  half  tlie  mimlwr  rharacteristic  of  the 
cells  of  the  species  (page  36),  so  that  wlieii  joine«i  to  the 
female  element,  likewise  i-ediit-ed  (page  39),  the  fertilized 
ovum  possesses  the  normut  niinilier  of  chromosoDies  (sixteen 
in  man). 

As  the  Hperinatozoa  are  endowed  with  tlie  power  of  traiieiuittiiig  to 
llie  oftitpring  the  cliaructeristiis  of  the  parent,  the  procea*  of  spennato- 
geneitifi  i^  a  link  in  the  chain  of  heredity.  The  mode  by  whiuh  the 
parent  implants  or  involves  his  own  cliaracteristics  within  the  minute 
compass  of  a  spermatozoon,  so  that  the  latter  in  its  further  develop- 
mpnt  reproduces  its  kind,  is  a  biological  question  of  great  impnrtaave. 

The  characters  of  the  parent  are  either  congenital  Iracial,  inherited] 
or  acquired;  the  latter  few  in  number,  the  former  multiludinuus. 
Many  biologists  contend  that  character iatics  acquireil  by  an  individual 
BUbeequent  to  hia  conception  and  birth  cannot  be  transmitted  Vt  his 
o&pnng;  but  supposing  it  possible,  what  mechanism  exists  in  the 
Kenttal  organs  by  which  the  ieatures  of  a  distant  part  of  the  body  cao 
be  impre^ed  upon  spermatozoa  developing  iu  the  testicle  so  as  to  bs 
carried  on  to  the  progeny?  Obviously  the  only  channel  a  by  which 
impressions  or  influences  from  other  parts  could  be  conveywi  to  the 
testicle  are  the  circulation  and  the  nerves.  The  testes  sre  amply  sup- 
plied with  blocxIveHsels ;  not  so  well,  perhaps,  with  nerves.  We  can 
conceiTe  how,  in  conditions  of  toxaemia  or  generally  lowered  vitality, 
an  impoverished  or  toxic  blood  could  alter  or  lower  the  vitality  of  the 
Bpermatogenic  cells  and  thus  convey  a  deteriorating  tendency  to  the 
olfsuring;  and  we  are  also  familiur  with  trunhic  nervous  effecta;  but 
■side  from  these,  the  manner  in  which  bodily  features  might  become 
impressed  on  the  spermatogenic  cells  through  nervous  or  circulatory 
ionuences  is  obscure. 

Little  is  known  likewise  as  to  just  how  the  congenital  or  inherited 
ieatares  of  the  parent,  the  Rxed  and  stable  characters  of  the  race,  are 
carried  over  from  generation  to  generation.  Amidst  the  vast  multi- 
tude aod  diversity  of  cells  making  up  the  body,  what  line  of  cellular 
tnuismtssion  of  racial  features  connects  the  ovum,  from  which  an 
organiam  develops,  with  the  ovules  or  spermatozoa  of  the  next  genera- 
tion which  after  a  time  appear  in  the  body  of  the  parent? 

Many  biologisiD  regard  the  cells  into  which  an  ovum  develops  as  of 
two  fundamentally  ditTereut  kinds:  mmalic  erfU,  making  up  the  body 
generally;  anil  gtrm-frllt,  to  which  the  developmental  powers  of  the 
Oram  are  transmitted.  According  to  this  theory,  the  spermBtmfeuic 
cells  of  the  testicle  and  the  corresponding  cells  of  the  ovary  arc  direct 
descendanlfi  of  the  ovum  through  a  succession  of  germ-cella  (located 
in  the  sexual  pbindsi,  which  have  carried  on,  in  isolated  continuity  as 
it  were,  the  rvproductive  potentialities  inherent  in  the  ovum. 

The  tnhuli  recti  or  straight  tubules:  The  convoluted  tiihiilon 
converge  towanl  the  m od last i mini  testis,  and  at  their  proximal 
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ends  terminate  in  .short  xtmight  tiilnilea  which  empty  into  the 
chanuels  I'uriiiitig  the  rete  tt-Mtii^.  These  tubuli  ret^ti  are  uai*- 
mwer  in  culil)rt  tijiiii  \\w  e^iiivcilnleil  portiuiis,  utid  are  lined 
with  a  sin^k-  hivcr  of  low  ixiliiiUDHr  or  cubuitlal  L-nithe1ilim- 
cells. 

The  rete  testis  is  a  network  uf  anastomosing  ehaiinelH  and 
ginuses  formed  liy  ihe  uiiiuii  uf  the  tiihuli  recti.  These  chiin- 
nels  are  sitiialed  in  the  tnUmtancf  ai  ihe  niedtafjtinitm  tentis, 
Bod  are  lined  » ilh  a  single  layer  of  flattened  e]iillielial  cetk 
resting  uii  the  siirruinitling  fihrous  tissue. 

The  Yaaa.  effeieatia :  The  .leniiniferuiis  channels  of  the  i^te 
testis  at  its  upper  iiid  cnntintie  npward  in  the  ftirm  vi  ten  to 
fifteen  efferent  vessels,  the  oullet-^ucis  of  the  li>^\U,  which 
jiosi^  through  the  tnnica  alhtiginea  and  enter  the  glohun  major, 
where  they  form  the  com'  vitKvuloai.  These  \*asa  effiTtntia  are 
linetl  with  stratllied  columnar  epithelium,  partly  citiiilHl;  the 
epitheliimi  cells  are  thrown  up  nito  ridges  and  ]mpillH.-  whicli 
project  into  the  intericr  nf  the  tubules  and  give  the  free 
surfaoe  a  sinuous  mid  tiiidiilutiiii;  cliardrltT.  Thi:  epithelium 
resta  on  a  haseniput-niembrane  and  thick  fibrous  walls  con- 
taining involuntary  niuscle-eells  arranged  transversely. 

In  the  globuii  major  the  eETercnt  tubules  are  coiled  and  con- 
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Barmnnded  by  fibrous  tissue  coutiiining  transverse  involuntary 
«ie-cells.  The  coils  of  tlie  tiiiui!  art'  imbedded  in  and 
eejtarated  by  areolar  tisHiio,  and  Che  whole  epididymis  i^ 
enveloped  in  a  lihroiia  eapsiile.  At  the  lower  end  of  the 
epididymis  its  eunni  lieeonie^  mul  tioiititiues  onward  as  the 
vaa  deferens. 

Various  temnanta  of  fcetal  Btructnres  (ve.stiges  of  the  Wolf- 
fian body)  are  found  about  the  testicle. 

The  pamditlpnk,  or  ort/aii  of  Giraldh,  is  situated  in  the 
connective  tissue  of  the  epididymis,  and  consists  of  a  iuw 
closeil  convoluted  tubules  lined  with  epithelium.  The  tas 
aba-rana  is  a  tube  similar  to  the  vas  deferen-s,  and  is  some- 
timee  found  branching  oft"  from  the  lower  part  of  the  latter, 
or  canal  of  the  epididymis,  pasn's  up  Ihe  spermatic  cord  for 
a  variable  short  distance,  and  has  a  blind  npiier  end.  The 
hydatids  of  Martfaf/ni  are  small  pednncnlatetl  bodies,  contain- 
ing areolar,  epithelial,  or  vascular  lissne,  iiltaehed  to  the  upper 
part  of  the  testis  or  epididymis. 

The  vaa  deferens,  the  continuiition  of  the  lower  end  of  the 
canal  of  the  epididymis,  forms  one  of  the  eonsliluents  of  the 
spermatic  conl,  ana  extends  to  the  base  of  the  bladder,  where 
it  becomes  diluted  (forming  the  "ampulla")  and  unite»  with 
the  outlet  of  the  seminal  vesicle.  It  is  a  firm  cordy  tube, 
and  its  walls  consist,  from  within  outward,  of  a  mucous,  sub- 
tnacoas,  muscular,  and  fibrous  coat. 

The  mucous  coat  is  lined  with  stratified  columnar  epithe- 
linm,  ciliated  for  a  short  distance  at  the  beginning  of  Ihe  vas, 
but  non-ciliated  in  the  remaining  greater  portion  of  the  canal ; 
the  epithelium  rests  on  a  iiinica  profm'n,  which  is  surrounded 
by  mbmttcoiin  areolar  tissue.  The  mucosa  i,"  thrown  into 
longitudinal  folds  in  the  vas,  and  in  the  ampulla  into  irregular 
rugs  and  pliciitions.  Small  glands  occur  in  the  mucosa  in 
the  ampulla. 

The  tniutcultii-  coal  is  comptised  of  an  inner  circular  and  outer 
longitudinal  layer  of  involnnlnry  muscle,  intermingled  with 
fibrons  tissue.  Outside  the  muscle  is  a  layer  of  flirotis  and 
areolar  timmt: 

sacculated  [>ouch,  lai^ly  of  glandu- 
[T  from  the  vas  deferens,     Its  outlet 


K         The 
^B    lar  cha 


The  seminal  vesicle  is  a 
lar  character,  iimnching  u 
ij-iiifi. 
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unites  nitli  t!ii>  vas  di-fercnti  to  form  the pjnciilatory  duct.  Its 
walls  are  similar  in  ntnicture  to  tliow  of  the  vas.  It  is  lined 
with  columnar  epithelium,  whioh  rest^  on  a  tiinien  pro|>ria, 
lieneath  which  is  tiubmiicoiiH  areolar  tiiwiie.  Its  muci)»L  is 
thrown  into  interlacing  nigie  ami  pHcationH,  which  form  sac- 
cular and  somewhat  gland-like  recerises ;  the  mucouH  wiut  also 
contains  small  gliinuB.  Bentuith  the  eiihmiioosa  is  an  inner 
circular  and  outer  longituilinal  Isiyer  of  invohintarj'  muscle, 
outtiide  of  wliicJi  isareiiliir  tissne, 

The  ejaculatory  ducta,  one  on  each  side,  sire  formed  by  the 
uniiin  of  the  vu^iji  defurentia  with  ihe  nutlctfi  of  the  seminal 
vesicles.  They  are  situated  jwirtly  within  (he  prostate,  and 
empty  into  the  prostatic  urethra.  Tliey  are  liiie<l  with  simple 
columnar  epithelium,  resting  on  connective  tissue ;  outside  Ihe 
latter  are  thin  inner  circular  and  outer  longitudiual  layers  of 
invohnitary  rausole. 

The  prostate  gland  is  a  compound  tubular  gland,  the  mu- 
cous Hecretion  of  which  enters  into  the  composition  of  the 
semen.  It  surrounds  a  portion  of  the  urethra  and  ejaculatory 
ducts.  It  is  made  np  of  sustentacular  connective  tissue,  invol- 
untary muscle,  and  secreting  alveoli,  besides  vessels  and  nerves. 


CORPORA    CAVESNOSA.  17it 

,  sitii[itoil  licnejtli  the  membrpiious  urelbm 
of  till'  <](.'<'[>  [ii'rincal  fascia,  are  twu  smull 
riiiit\  ill'!  inio  tliu  urethra.  Tlic  alveoli  are 
y.ir  i'|)illii'liiiiii  ii|)|iureiitly  of  the  mucous 
.jurjio^L'  of  tlie  R;i:retion  is  not  well  uiider- 


Tlie  Penis. 

The  penis  oonsietH  of  three  longitiuliniil  cvlimlrical  com- 

partinonts  sLirriitindp<]  by  fibrous  sbuatbs — two  corpora  caver- 

n  Hllvii  with  cret-tilo  tissue,  and  the  ciirjuis  sjKinginHiini  «>n- 

taining  crcelile  ti.sfue  and  the  urethra — all  eovered  with  skin 


and  subcutaneous  tis.sue.  The  ^kin  is  thin  and  movable.  The 
mbcutaneour^  areolar  tissue  is  free  from  fat,  contains  vascular 
anil  nerve  trunks,  and  by  ite  looseness  allows  the  skin  niucb 

The  corpora  cavflmosa  are  surrounded  by  a  common  sheath 
of  dense  fibrous  tissue,  the  tunica  aibuguinea.      Each  corpus 
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cavernosum  is  also  frivclopcd  by  a  dense  fibrous  sheath  of 
ite  own,  lying  just  within  the  fimimon  sheath  ;  the  septum 
{"  pectiuiform  ")  thus  foriueil  Iwlween  the  two  corpiira  is,  how- 
ever, incomplete  and  interrupted.  From  these  sheaths  filirous 
trabeculte  arc  given  off  whicli  traverse  the  interior  of  the 
corpora  in  all  direction?,  brauchiog  and  anastomosing  so  as 
to  divide  them  into  a  spongy  system  of  spaces  or  sinuses  com- 
municating freely  with  one  antither.  Tlie^rowe  fratteiyulte  con- 
tain some  involuntary  muscle  and  elastic  tissue,  and  convey 
vessels  and  nerves.  The  Kinusee  formed  by  the  septa  are  lined 
^vith  emlotlieliiim,  and  into  them  open  the  bloodvessels,  so 
that  they  form  a  system  of  cavernous  spaces  or  vascular 
Biiiuaee,  through  which  the  blood  flows,  from  (he  arteries  and 
into  the  veins  (Fig.  69).  This  arrangement  constitutes  erectile 
lisKUf.  When  tiic  venous  outflow  is  cut  off  by  muscular  action 
btiMMl  iiwunuihiteri  in  the  sinuses,  causing  the  peni.s  to  become 
turgid  and  erect. 

The  coipns  spoDgiosum  is  a  cQmjKtrtment  filled  with  erectile 
tissue  and  containing  the  urethra.  Its  posterior  end,  slightly 
expanded,  forms  the  bulb ;  it«  anterior  end,  the  glans  penis.  It 
is  envelojied  in  a  firm  fibro-elastic  sheath  containing  a  small 
amount  of  involuntary  nuisole.  From  the  sheath  fihro-clastic 
trabeculie,  containing  occasional  non-striated  muscle,  traverse 
the  corpus  aud  divide  it  int^i  vascular  sinuses,  forming  erectile 
tissue  like  that  of  the  corpora  cavernosa.  Along  the  axis  of 
the  corpus  spongiosum  passes  the  urethra  {more  fully  de- 
scribed above)  surrounded  by  the  erectile  tissue,  which  merges 
into  the  submucous  tissue  of  the  urethra.  The  urethra  is 
lined  with  columnar  epithelium  and  into  it  open  numerous 
mucous  urethral  glands  (the  "glands  of  Littre),  which  are 
scattered  about  in  the  erectile  tissue  of  the  corpus  sjwngiosum. 

The  glans  penis  is  an  expansion  of  the  anterior  extivmity 
of  the  corpus  spongiosum,  covered  by  closely  adherent  raucous 
membrane.  The  mucous  membrane,  continuous  with  that 
of  the  urethra,  is  lined  with  stratified  squamous  epithelium, 
resting  u]x>n  a  tunica  propria,  the  surface  of  which  is  studded 
with  papillie  contuiniug  numerous  6|>ecial  sensory  nerve-ter- 
minals. At  the  corona  and  base  of  the  glans  the  mucous 
membrane  contains  ahundant  sebaceous  glands,  the  ff/avHulce 
odorifercE  or  ghniih  iif  Tynov,  unassociated  with   hairs,  the 


^ 


odorous  secretion  of  which  enter>«  into  tlie  formation  of  tlic 
atnegma.  The  iuikmiih  covering  of  the  gluiis  is  reflected  over 
the  inner  surface  of  the  i>rc|juce  and  ut  its  margin  merges 
ioto  the  skin. 

The  semen,  us  finally  ejaculated,  consisltf  of  an  immense 
number  of  .sixiciai  cellular  elements  (spermatozoa)  aiispended 
in  fluid  (liquor  semtnia),  together  witit  granular,  crystalline, 
and  adventitious  matter.  Tlie  liijiim-  scviiiils  is  derived  from 
various  parts  of  the  .seminal  tract, 
eapccialiv  the  seminal  vesicles,  pros- 
tate, anti  Cowper's  glands.  It  is  a 
muco-alliumlnons  f1ul<l  containing 
various  chemical  ingredients.  Il 
exhibits  fine  granular  matter  (cel- 
lular and  pnitoplasmic  ddbris),  and, 
in  small  number,  ca.st-off  epilhelium- 
oells,  stray  leukocytes,  clear  "  hyaline 
bodies"  from  the  seminal  vesicle.-;, 
fat  and  Within  particles,  and  the 
wnall  prostatic  concretions  or  "  amy- 
loid bodies."  After  standing,  crys- 
tals are  deposited  in  tiio  semen,  es- 
pecially characteristic  slender  ucta- 
hedrai orystals of  sp(.'rmin  phos|ih;i(e. 
The  spermatozoa  nfdill'L'irnt -pi  cirs 
of  animals  exhiliit  .■hanic-lcii^iii.^  dif- 
ferences thoujili  the  j^iienii  stnieture 
remains  similar ;  the  same  is  the  case 
with  the  iiomnlogous  pollen  of  plants. 
The  spermatozoon  ofiiuin  (Y  ig.  70) 
is  mode  up  of  a  head  3  to  5  /i  long, 
a  middle  piece  5  or  ti  ^  '""St  ^'id  a 
tail  40  to  .50  /t  long.  The  heail  is 
^  ofaflattenedoval  or  pvriform  shape,  IrXMhaii/ui^Wflff^,: 
^fe       to  the  large  end  of  wliieh  the  middle 

^H  piece  or  lail  Is  attacheil.  The  miibUe  piece  is  a  cylindrical 
^B  secment  more  or  lesstlislinrlly  marked  off  fr»n)  the  tail.  The 
^H  to/  is  a  long  fine  filament  or  Hai^ellum,  Inpering  to  a  |H)int ;  it 
^H      possesses  an  "axial  fibre"  surrounded  (e.\eept  for  a  short  dis- 
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titncG  at  ttie  cnil)  with  a  protoplasmic  slit.'atli.  Tlie  tail  ex- 
hibits rapitl  vibratory  movements,  by  means  of  wliicb  the 
speritiatozoun  is  prajxrlled  forward. 

Si)ermatozoa  are  real  cl'IIm,  though  of  unusual  type.  Tlie 
heaii  is  of  tlie  nature  of  a  nucleus,  while  the  tail  and  a  pos- 
sible protoplasmic  envelope  about  the  heati  may  be  taken  to 
be  cytoplasm.  The  ehromosoraea  are  "reducetl."  A  very 
minute  round  body  dctectfd  by  some  observtTH  just  jKJsterior 
to  tiie  head  is  perhaps  a  Cfiitmsiinic. 

rEMALE  GENITAL  ORGAIfS. 

The  female  genital  organs  are  the  ovaries,  oviducts,  uterus, 
vagina,  vulva,  vestiges  of  fa'tal  structures,  and  nianimapy 
glands.  The  jiclvic  organs  are  deveIo|»cd  from  the  embryonic 
Wolffian  body  and  duct  of  Muller  and  thuir  epithelium  is  of 
niesoblastic  origin. 

The   Ovary. 

The  ovary  (Fig,  71)  consists  of  a  connective-tissue  mass  or 
stroma,  in  which  are  imbedded  large  numbers  of  developing 


ova,  each  in  a  structure  called' an  ov 
the  whole  organ  being  covercil  by  a 


ac  or  firaafian  follicle; 
epilhotiul   investment. 
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The  ova  and  Graafian  fuUiclciS  occupy  tlie  pcriplienil  or  cor- 
tical jwirtion  of  the  ovary  (the  "oophoron  '),  Ivaviiig  in  llic 
interior  a  nieiliillury  region  coiitinuoua  with  tlic  hiluni,  where 
the  vessels  enter. 

The  epithelial  covering  of  the  ovary  in  a  single  layer  of 
cuboidal  or  low  colnmniir  cells,  calle<l  "  gerniinul  eniihetinni " 
from  the  fact  that  the  ova  are  develoixS  from  it  during  fetal 
life.  This  epithelium  is  coiititmoiis  with  the  peritoneal  endo- 
thelium, the  glistening  »|uamou8  cells  of  the  Intler  being 
here  replaced  by  eohiiunar  cells  of  les^  lustre. 

The  Btxoma  of  the  ovary  is  a  mass  of  connective  tissue, 
made  op  in  the  cortical  region  lai^ely  of  fnsifonii  connective- 
tissue  cells  with  scanty  intercellular  elements.  On  ihc  surface, 
just  beneath  the  epithelial  covering,  this  tissue  is  condensed 
into  a  layer  called  the  tunicu  uibuijinea,  continuous  and  inti- 
mately connected  with  the  stroma. 

The  meftuUaTy  region  and  hilum  contain  the  larger  vessels, 
imbedded  in  connective  tissue  of  a  more  ordinary  kind,  in 
which  fibrous  elements  are  more  abundant. 

Scattered  alHiut  in  the  stroma  (more  abundunlly  in  certain 
animals  than  in  the  human  species)  are  large  epiihelioid  (?) 
cells,  the  hitn-allliai  cells,  similar  to  those  of  the  testis.  The 
ovary  is  well  supplied  with  bloodvessels,  and  also  pos.sesses 
iphatics  and  nerves. 


Iymi>l 


The  ora  (called  ovules  before  impregnation),  which  occupy 
the  pen]»lierjil  zone  of  the  ovarj',  originate  miring  fatal  life 
from  processes  of  the  germinal  epilheliuni  which  grow  down- 

Lward  and  arc  then  cut  off,  leaving  isolated  nodules  of  epithe- 
lial cells  in  the  stroma.  In  each  of  these  nmliiles  one  cell 
? 
I 
l 
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d«8tineil  tu  become  the  ovum,  enlarges,  while  the  other  u 
oompanying  (indifferent)  epithelial  ceils  form  a  capsule  about 
it  and  develop  ult!inat4.>ly  into  the  tunica  gninuloaa  of  the 
mature  Graafian  follicle.  The  cortex  of  the  ovary  contains 
laive  numtwrs  (mtimated  by  some  ohsen'ers  at  about  70,000 
in  both  ovaries)  of  these  primitive  ovlsaca  imlted<led  in  the 
stroma,  each  ennsir^ting  of  a  large  ovule  surronndeil  by  a 
more  or  less  definite  envelope  of  small  epithelial  cells.  In 
the  course  of  ovulation  and  menstruation  these  primitive 
ovisacs  develop  as  Grit<ifiin'foU.icleit,  and  sticcossivcly  mature 
find  discharge  the  ovules  from  the  ovary,  leaving  the  remains 
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and  finally  tlit-  vesicle  ruptures,  jierniitting  fhofiviite  lo  escape 
fnira  tile  ovurv  and  jmss  iiilu  the  uvidiict.  Tlie  disilmrge  ol' 
mi  ovule  in  iIiIk  muiiner  tukes  plaee  regularly  and  periudteally, 


1 


eotnpriiiing  the  procei^s  called  ovuUitloji,  which  standi  in  a 
definite  relation  with  nien^trualiiiD, 

Corpora  Intea:  The  ruptured  Graafian  fiilliclo  after  ovula- 
tion undi'i'iriii'rf  a  series  of  retroj;rade  eliangps,  the  resulting 
etructurc  licing  (.-ailed  a  eorpiin  lutniin. 

The  wiuinil  or  cavity  of  the  emptieil  Ornafian  follicle 
boenmcs  filled  with  blocxl  from  the  rupture<l  vci^sels,  and  the 
oeUsof  the  tunica  gninulosa  proliferate  alxindantly.  From 
the  fatty  degeneration  of  eells  or  the  triinsformation  of  hiemo- 
gliibin  into  luematoidin  the  Rtrucliire  acijuires  a  ycllinv  color, 
whence  its  name.  Into  the  mass  iil'i|.illi.lial  cell's  iind  hlooil- 
elcit  grow,  fr-ini  the  nvariiin  slrnina,  vii-^cuhir  processes  of 
connective  tis>nc  (granulation-t,  giving  llie  IhhIv  a  IoIkiI  or 
radiut4>  appearance.     Ity  the  eoniiiinod  gi-owth  aud  contrac- 
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oitiated  celln  meet  tiie  rwjiiamou^  endotlieliuiii-cells  lining  the 
peri toneii 111.     The   mucosa  is   tlintwn   into   broad   folds   or 

filicationa,  moytly  bmnching,  which  project  i-adially  inio  the 
umen  «!'  the  tiific.  Between  the  mucosa  and  siihraucosa  is  a 
thin  layer  of  involuntary  muscle  representing  a  mii.scularis 
milCosEO.  The  mibmiicoiui  miif  is  made  up  of  areolar  tissue 
containing  the  larger  vessels.  The  oviducts  contain  no  glands. 
Oiiti^ide  the  submucous  coat  is  a  mtuKiiliir  coat,  composed  of  a 
thick  inner  circular  layer  and  a  thinner  outer  longitudinal 
layer  of  involuntary  muscle.  The  outermost  or  sei-uiin  rnrer- 
ing  of  the  oviduct  is  formed  by  the  peritoneum  and  subperi- 
toneal tissue. 

Bemnants  of  foetal  Etructares:  The  peirovnrium  is  a  series 
of  tubules  liiicil  witii  simple  colunmar  epithelium,  situ- 
ated in  tbo  bronil  ligament  near  the  hilum  of  the  ovary 
and  between  the  latter  and  oviduct;  they  are  remains  of 
tubules  of  the  embryonic  Wolffian  body.  Other  similar 
tubules,  which  have  received  special  names,  are  also  sometimes 
found  in  the  broad  ligament.  Pedunculated  A,v^a<t(/«  (hydatids 
of  Morgagni),  small  epithelial  sacs,  are  s<mietimes  attached  to 
the  ovary,  imrovarium,  or  a  fimbria  of  the  oviduct. 

The  Uterus. 

The  uterus  is  a  hollow,  muscular  organ,  the  wall  of  which 
is  composed  chiefly  of  involuntary  muscle,  lined  internally 
by  mucous  mcniliruue  and  externally  by  serous  membrane 
(%'.  73). 

The  uterine  mucous  membrane  consists  of  epithelium  resting 
on  a  luiiioa  ]iru)iria  wiii.-h  cuTilains  nuuicn>us  tubuhir  glands. 
The  qAlhrluun  lining  tlic  Uterus  is  a  single  layer  of  short 
columnar  or  cuboidal  ciliated  cells.  The  tunica  propria  is  a 
layer  of  connective  tissue  of  an  embryonal  or  growing  type, 
containing  fusiform  C(iniiective-t issue  cells  and  jymiilioid  cells 
or  leukocytes  in  abnndance,  with  scanty  intercellular  ele- 
ments; it  contains  abumhiiit  bloodvessels,  extends  downwnnl 
to  the  muscular  coat,  ami  in  it  ore  imbedde<i  the  uterine 
glands. 

The  embn-onic  cliaracter  of  the  connective  tissue  of  the 
tunica  propria  is  apparently  due  to  the  fact  that  the  latter  in 
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the  courBG  of  moiii^truution  i^  at  sli(irt  intervals  cast  off  and 
grows  anew. 

The  lUerinc  tflamtn  are  numortius  tubular  glands,  mostly 
simple  and  unbranelied,  extending  perpendicularly  from  the 
surface  of  the  mucosa  to  the  muscular  eoat.  Their  deei)er 
[wrlions   are    convoluted,     (heir    sii|K'rticial     portions    more 
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muscle,  iinbeclded  in  connective  tissue  anil  intermingled  willi 
numerous  large  arterial  and  vemms  channels,  T!»p  muscular 
tissue  is  arranged  in  general  in  three  strata,  an  inner  and  an 
outer  longitudinal  and  a  middle  circular  layer;  hut  tlici^u 
divisions  are  not  very  di-.tinctand  thearrangement  is  imt  very 
definite. 

The  outer  surface  of  tlie  uterus  is  covered  with  Beroua  mem- 
consisting  of  the  folds  of  the  iwritoneum  reflected  over 
it.  The  hlooiivessels  of  the  uterus  are  unusually  large, 
abundant,  and  tortuous. 

The  cervix  of  tbe  ntems  has  a  thicker  mucosa,  which  is 
thrown  into  rugte,  and  a  more  i-cgular  arrangement  of  the 
three  muselc-layers  than  the  body  of  ihe  oi^n. 

The  vpper  jioHimi  nf  the  cervical  canal  is  covered  with 
simple  ciliated  epithelium  ;  but  ihe  limer  pmiiim  is  lined  with 
stratified  sqnamouij  epithelium,  and  Ihe  underlying  tunica 
propria  prcKents  nunieroiia  projecting  paptllse. 

In  the  tower  part  of  the  cervix  murottn  tf/nmla  are  present, 
in  addition  to  the  uterine  glands.  From  the  closure  of  their 
outlet>-ducts  these  raucous  glands  often  become  distended  with 
secretion,  forming  small  cysts  called  oeu/a  of  Nabotb.  The 
outer  surface  of  the  cervix  uteri  is  lined  by  the  vaginal 
mucous  membrane. 

During  menstmation  the  mucous  lining  of  the  uterus  be- 
comes much  thickencxl ;  the  epithelium  celts  swell,  the  tunica 
propria  becomes  very  vascular  and  increases  in  thickness,  and 
the  uterine  glands  enlai^.  The  mucosa  liccomes  softened 
and  degeneratetl,  and  is  finally  oast  oH',  mingled  with  blood, 
as  the  menstrual  discharge.  After  menstruation  is  over  the 
mucous  membrane  is  rapidly  renewed,  the  surface  epithelium 
being  regencratiH;]  from  the  portions  of  the  uterine  glands 
remaining  in  the  depths  of  the  tunica  propria. 

During  pregnancy  there  is  a  great  hypertrophy  or  increased 
development  of  the  mucous  and  muscular  coats  and  the  vascu- 
lar system  of  the  uterus.  The  mucosa  undet^iocs  special 
changes  anil  to  it  become  attached  the  placenta  and  fwtal  en- 
velopes; it  exhibits  fusiform  connective-tissue  cells,  large 
numbers  of  deridual  celts  (lai^  brown  pigmented,  round,  or 
polymorphous  cells,  sometimes  multinucleate)]),  dilated  and 
compressed  lumina  of  the  uterine  glands,  aud  an  increase  of 
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vaacular  channels,  wliik-  the  HupGriiciiil  and  glandular  epithe- 
lium becnmes  (li.siiitPgnit«(I  or  much  ulliTeO.  lu  inner  surface 
bccumeg  intimately  counected  with  the  placeutu  and  the  churion. 
Two  layers  are  distinguisheil  in  the  mueosa,  a  superficial 
"compact  layer"  and  a  deeper  "cavernous"  or  "spongy 
layer*  ;  the  latter  Hfti  next  bi  the  miiseular  wall  of  the  uterus, 
and  is  characterized  hy  containing  the  ditttendetl  deejwr  por- 
tions of  the  uterine  glan<ls. 

This  «[>ecially  develo[>eti  mucosa  of  the  pn>giiant  uterus  is 
eallefl  the  decidua,  and  is  east  off  with  the  placenta  and  mem- 
branes at  the  birth  of  the  foetus.  The  decidua  exhibits  three 
divisions :  the  deeidua  aeroHna,  which  enters  into  the  forma- 
tion of  the  placcntJi ;  the  deeidua  vera,  which  lines  the  non- 
plaeental  jxirtion  of  the  inner  surface  of  the  uterus,  and  is 
cast  off,  united  to  the  chorion,  as  part  of  the  foetal  membranes ; 
and  the  drddua.  rejfcxa,  which  in  the  early  jKirt  of  pregnancy 
grows  out  from  the  nnicof«i  into  the  cavity  of  the  uterus  and 
surrounds  the  ovum  and  foetus,  but  at  a  later  period  degener- 
ates and  disappears.  After  labor  t«kes  place  the  livjierlro- 
phied  uterus  undergoes  retrogressive  changes  and  involution 
to  its  ordinary  size,  and  its  mucous  lininfj  is  regenerated  from 
the  remnants  of  the  tuiii<»  propria  and  epithelium  lefl  after 
the  casting  off  of  the  decidua. 

FcetaJ  Appendages. 

The  jirimitive  appendages  of  tin-  /"uiin  tire  the  amnion,  chorion, 
ali8iit(iLs,  nuti  unibiliciil  visitle,  nil  ilprivcd  frntii  tht'  embryo,  t<wether 
with  the  deciilim,  whieh  is  of  uteriae  origin.  Tlie  umbilical  vesicle  is 
a  ruditnentiiry  ■tructuro  and  e<ion  disappears.  The  amnion,  chorion, 
and  deciduit  form,  in  general,  from  within  oiitWHril,  three  envelopes 
about  the  fcctue.  Aa  fullv  developed,  at  term,  tlie?H.' structures  form  the 
"after-hirlh"  or"sccuiidinea,"  consintingof  the  fcetnl  memhrniies, the 
placenta,  and  the  mnbllical  cord;  these  nre  de1ivere<l  with  the  fietiu 
at  birth. 

The  (intcrnnl  or  true)  amnion,  the  innermost  fcetal  envelope,  is  a 
thin  membranous  cloBed  sac  filled  with  fluid  in  which  the  fcEtua  is  im- 
mersed. It  originatea  as  an  nil t.irro will  from  the  embryo,  and  consists 
of  two  layers,  the  innermost  (toivaril  the  IVi'tus)  an  epithelial  and  epi- 
blaatic  Isyer ;  the  outer,  amesoblH.''tU'(Hcimatop!eural)  conneotive-tiuiie 
layer.  It  is  at  fint  seiiarnte  from  ibe  ehorion,  but  afterward  h 
united  to  it  am)  lines  tlie  inner  free  surface  of  the  ftrtnl  mem 
plaoentn. 

The  chorion,  the  middle  envelope, 
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ir  "  fulse  "  sninion  (tompoBed  of  epiblaat  and  aom  atop  leu  re) 
a  small  area  from  Ihe  allaatuiH — l>eejdu8  tbe  vitelline  mem- 
brane  of  the  uvum,  which  early  disappeare.  The  chorioo  exhibits 
externally  (Inward  the  uterine  wall)  an  epiblosliu  epithelial  layer,  de- 
riTed  fniiu  the  external  aninioii;  and  iuteriially  a  couDectire-tisaue 
layer  of  mt»obla»tic  origin,  derived  from  the  amninn  and  allanloia. 
The  ehorinn  is  coniiected with  tbe  fcetua  by  a  vascular  meirablastic  stalk 
(the  umbilicul  cord)  made  up  mainly  of  the  allautiiis. 

The  allantoia  ia  a  aaecular  outgrowth  (rimi  the  primitive  iutestine, 
extending  to  the  chorion  and  uniting  with  the  latter  over  n  greater  or 
leaa  HTca.  It  conaUts  of  meaobtaat  («ptanchnopleure)  externally  and 
iiiternBlly  ban  a  cavity  lined  with  hypoblast ;  in  man  tbe  i>ortioa  of 
the  allantoic  cavity  beyond  the  abdominal  wall  conitials  only  of  a  Hmall 
tube  extending  into  tbe  umbilical  cord.  Tbe  umbilicMil  bloodvesaeU 
are  derived  from  the  allantois.  The  mesoblaHtic  tisaues  of  tbe  allantoia 
enter  into  the  formation  of  the  chorion  and  umbilical  cord. 

At  a  very  early  period  numeroua  vaaeular  tuitx,  chorlal  villi,  grow 
out  from  the  chorion  on  all  aides,  projecting  toward  the  uterine  wall. 
A  portion  of  the  chorion,  called  the  "  chorion  frimdoBum,"  enters  into 
the  formation  of  the  placenta,  the  villi  of  thia  region  undergoing  great 
development  and  beuoming  intimately  united  with  the  corresponding 
portion  of  the  decidua  (the  decidua  cerotina).  Over  the  reuiainder  of 
the  chorion,  the  "  chorion  lieve,"  the  villi  disappear,  thiit  portion  of 
tbe  chorion  becoming  united  with  tbe  decidua  vera  to  form  (with  the 
amnion)  the  ftetal  membranes, 

Tbe  deddna,  already  described,  is  the  modified  uterine  mucosa  in 
three  divisions — the  aerotina,  vera,  and  reflexa. 

Tbe  umbilici  TeBlcle,  or  "  yollc  sac,"  in  tbe  higher  mammals  has 
little  functional  Talue,  and  soon  diitappears.  It  consiata  of  a  sac  or 
vesicle  oituated  between  the  amnion  and  chorion,  and  a  pedicle  or 
stalk  in  the  umbilical  cord.  In  origin  it  is  continuous  with  the  primi- 
tive intestine,  and  consists  of  a  vascular  meiiobtaBtic(Bplanchnopleural) 
layer  externally,  and  is  lined  with  hypoblast  internally. 

The  fiatal  memliTane  ("  bag  of  waters  ")  is  a  thin,  translucent  mem- 
brane given  olT  from  the  margin  of  the  placenta,  fiirma  a  closed  sac 
■bout  the  fiEtus,  and  is  clo.iiely  applied  to  the  inner  surface  of  the 
uterus.  It  ia  filled  with  a  quantity  of  serous  fluid,  the  liouor  amnii, 
in  which  the  fo^tua  is  immersed.  It  is  formed,  from  within  outward, 
of  the  amnion,  chorion,  and  decidua  vera. 

ion  is  a  thin,  non-vascular  membrane,  lined  on  its  free  sur- 
face (that  directed  toward  tbe  f<stus)  by  simple  squtimoua  epithelium, 
benesth  which  is  a  connective' tissue  stratum  composed  of  connedivc- 
tiwue  cells  (chiefly  flat,  stellate  or  irregular,  many  with  anastomosing 
processes),  bbres,  and  gelatinous  intercellular  sulMtance.  In  places  tbe 
outer  surbcei-ihibita  small  hexagonal  endotheliold  relk  The  amnion 
is  loosely  ronncctcd  with  the  underlyinn;  chorion  by  fibrous  strandfi, 
very  delicate  muco-fibroua  tissue,  so  that  it  has  some  pky  over  the 
latter  ami  can  be  stripped  olT. 

Thi-  li<iuiir  iimnii,  which  surrounds  the  fnDtiis  and  filln  the  amniotic 

c,  ia  a  serous  fiuid  holding  proteid  and  other  substances  in  solution. 


The  cAorion,  the  middle  constiment  of  the  fceUl  inembraDe,  exfaiUto 
two  layers,  an  inner  fibrous  and  an  onter  cellular  layer.  The  fibruiia 
layer  ia  next  to  the  anmiiin,  with  vhich  it  is  loosely  united  ;  it  is  i>r 
inesoblaetic  origin  and  compoBed  of  fibrous  tissue.  The  outer  or  "  cel- 
lular layer  "  consists  of  several  lavers  of  large  spheroidal  nrominentty 
Duclealed  cells,  ugipareDtly  of  epiblastle  origin  and  epithelial  nature. 

Eiterunlly  the  chorion  i.4  i;lo8ely  united  to  tlie  dccidua  twrn  (the 
decidua  reflexa  degeneratinc  and  disappearing  by  about  the  seventh 
month);  the  decidua  vera,  the  mucosa  of  the  pregnant  uterus,  at  labor 
is  cast  oiT  with  the  fiBtal  nienibraue  as  its  outermost  litmina. 

The  placenta  is  formed  by  the  union  of  the  chorion  frondoauui  and 
decidua  serotina,  anil  hence  consists  partly  of  fwtal  and  partly  uf 
maternul  tissues,  it  is  essentially  an  intimate  interlacement  of  ftcbil 
and  uinternal  hlood-i'lmunels,  serving  alimentary,  respiratory,  and 
excretory  purposes  for  the  fatus.  The  placenta  consists  of  four'layers, 
which  are,  from  the  fa?tal  surface  outward,  the  amnion,  the  churinn,  a 
broad  layer  of  chorial  villi  separated  by  maternal  blood-sini 
the  decidua  eerotina. 

The  portion  of  the  anini'on  lining  the  fiatal  surface  of  the  placenta  is 
continuous  with  that  lining  the  f(Etal  membranes,  and  is  similar  to  the 
latter  in  ila  structure,  having  a  superficial  epithelial  and  deeper  con- 
nective-tissue layer,  and  being  connected  with  the  chorion  by  delicate 
mu  CO- fibrous  tissue. 

The  placental  jiortion  of  the  charimi  (chorion  frondfisuin)  j>reBenIs 
toward  the  amnion  a  fibrous  layer,  and  beneath  this  the  epitheiioid 
"cellular  layer,"  aa  in  the  chorion  Iteve,  with  whicb  it  is  continuous; 
beneath  the  cellular  layer  is  a  coagulum-like  stratum  containing  paa- 
sa^  and  spaces,  called  the  "  canalized  fibrin." 

The  tiibtlance  of  the  plarmla  is  composed  of  a  mass  of  "chorial 
villi,"  with  intervening  maternal  blood-spaces,  interposed  between  the 
chorion  and  decidua  serotina.  On  following  the  I'telAl  membranes  into 
the  margin  of  the  placenta,  the  chorion  and  decidua  separate,  the 
interval  oet ween  them  being  filled  with  the  villi  and  sinuses.  The 
umbUical  vetreh  on  reaching  the  placenta  divide  and  subdivide  and 
spread  over  its  surface,  running  in  the  fibrous  layer  of  the  chorion. 
The  brunches  of  til  ewe  vessels  pass  outward  from  the  chorial  mem- 
brane, toward  the  uterine  wall,  forming  branching  vascular  tults,  the 
chorial  villi,  which  are  covered  with  an  epithelioid  inveetment  from 
the  outer  ei'iblastic  layer  of  the  chorion. 

The  viUl  begin  as  large  coarse  trunks  passing  from  the  chorion 
toward  the  decidua;  these  divide  into  a  great  profusion  of  small 
cylindrical  branches  and  twi^.  The  ends  of  some  of  the  villi  become 
attached  to  the  decidua  serotina,  but  moat  of  the  bronciies  end  in  free 
or  floating  blunt,  round  extremities.  The  villi  are  composed  of  arterial 
and  venous  channels  and  capillary  loops,  imbedded  in  a  loose  connec- 
tive tissue,  with  their  surface  covered  with  tissoe  of  epithelial  origin. 
The  fa>tal  vessels  are  closed,  and  nowhere  open  into  the  maternal 
blood-channels. 

The  eyUhelioid  iittue  lining  the  surface  of  the  villi  consists  varioiislv 
of  distinct  cells,  a  protoplasmic  lamina  containing  numerous  noclu, 


VAaixA.  1S3 

or  projecting  cluRtera  of  cells ;  this  epithelioid  investnieDt  is  derived — 
its  deeper  part  at  leant— from  the  epiblaiitic  outer  layer  of  the  i^burion  ; 
pnrtly  also,  perhups,  from  the  epithelium  of  the  uterine  muuosa.  The 
twiga  of  the  villi  are  sepiirated  by  open  spaces,  "  intervillous  apacen," 
int4>  which  the  matcrrml  artenes  and  veius  in  the  deeiduu  iipeo 
directly  ;  these  spaces  thue  form  an  extensive  Hysteni  of  blood -sin  uses, 
filled  nith  maternal  blnod,  into  which  the  ehnrial  villi  iiroject.  By 
interchanges  between  the  fiBtal  btmiil  circulating  in  the  villi  and  the 
mattimal  biafK]  which  surrounds  the  villi  the  alimentary  and  excretory 
needs  of  the  fntus  are  provided  for. 

The  deeiilua  aerotiiia,  which  is  continuous  with  the  decidua  vera, 
forms  the  deepest  stratum  of  the  placenta;  it  is  a  thin  lamina,  and 
has  been  already  descril>ed  us  the  mucosa  of  the  pregnant  uterus. 
Among  its  constituents  the  abundant  "decidual  cells"  are  notable, 
Septa  iTom  the  decidua  pass  part  way  into  the  placenta  and  divide  it 
into  lobes  or  culyledons.  At  the  mai^in  of  the  placenta  thezie 
septa  may  reach  the  chorion  and  form  in  places  a  "  subchorial  decidual 

The  ttmbilical  cord  is  a  vascular  cord  connecting  the  fVetus  with  the 
placenta.  It  is  formed  by  the  stalk  of  the  chorion  and  allantois, 
covered  on  the  surface  bv  the  amnion.  It  consists  of  two  arteries  and 
one  vein,  twisted  spirally,  surrounded  by  gelatinous  embryonic  or 
young  connective  tissue  |"  Wharton's  jelly"),  and  lined  superficially 
with  epithelium.  The  epithelium  covering  the  surface  of  the  cord  is 
of  the  squamous  varietv,  stratified  or  simple,  and  is  continunus  with 
t\\v  epithelium  lining  the  amnion,  also  with  1h>'  lii'i:il  i'[>iili mii^. 

In  the  earlier  part  of  pre{;nancy  the  jelt;/ oi'  )V',  i,'ii„  ■:[  <ninu'ciive 
tissue  surrounding  the  umbilical  vessels  isarini.'.N-  n-u-.  iitih  prised 
of  anastomosing  mucous  cells  with  the  mesh>'-  .m.l  jtiitr.tir,'.  liftween 
them  filled  with  a  soft  mucinous  or  gelatinuus  JnU'ici-llubkr  -nlivlunce; 
toward  the  close  of  pr^naney  fibrous  elements  devi-lop  abundantly  in 
the  interstices  of  this  tissue.  The  umbilical  vessels  possess  thick  walls, 
made  up  mainly  of  Inmins  of  involunttiry  muscle-cells  ananged  longi- 
tudiiinlly,  obliquely,  and  transversely;  elastic  fibres  are  scanty  in  the 
vessel-wuHs,  and  theadventitiamergea  inlu  the  surrounding  Wharton's 
jelly. 

At  an  early  period  the  cord  also  contains  the  cavity  of  the  allantois 
and  the  stalk  of  the  umbilical  vesiele,  Ixith  being  tubules  lined  with 
hyiHiblait;  these  structures  later  disappear,  though  traces  of  them 
niiiy  somi'tiincs  remain  visible  as  columns  or  canals  of  epithelioid  rells. 

The  Tagina:  The  walls  of  the  vajrina  arc  oiiiii|iom>iI  nf 
iniicou!4,  siibmiicnils,  miiM^itlar.  am!  fil>niiis  Invers,  fmin  within 
otitward.  The  inner  Hiirfacc  is  ilifl|>a'u><l  in  tnmcvrrse  rugse. 
The  miicom  ennttiHts  nf  fttratiRe']  Afjuamoim  epithelium  restinir 
on  a  tnnicii  prnjiria.  The  latter  contaiiiH  ahnnilant  einslic 
filtrrs  and  iliR'itrif  lymphnid  tis.uni>,  ami  it-i  snrfaeo  exhibits 
papilW  pnyectiiiK  int/t  the  epithelial  layer.     Nu  glands  are 
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present.  Tlie  aiAmucoaa  is  ft  layer  of  loose  oonneotive  tiMDe 
contnining  rich  vascular  plexuses,  a  sort  of  erectile  tiBsae. 
The  mtumilar  coat  coDuste  in  geoeral  of  an  inner  oJrctilar 
and  an  outer  longitudinal  layer  of  involuntary  miiaole.  Tbe 
outermost  coat  is  fbroiu,  or  areolar,  connecting  the  vagina 
with  the  bladder  anteriorly  and  with  the  peritoneum,  reotam, 
and  perineum  posteriorly.  Among  tbe  nervous  elements  of 
the  vagina  are  special  aenaory  terminals. 

Tbe  vnlva  is  covered  with  ao  int^;:ument  continnons  vith 
the  mucous  membrane  of  the  va^na  and  urethn  and  with 
the  external  skin.  This  inl^ament  consists  of  stratified 
squamous  epithelium,  in  plaoes  pigmented,  resting  on  a  pa|Hl- 
lated  tunica  propria,  beneath  which  is  a  loose  areolar  sub- 
mucous laver. 

Opening  on  the  surface  are  numerous  small  gkmdt,  both 
mucous  anil  sebaceous ;  the  latter  occur  not  only  on  the  hairy 
portions  of  the  labia  majora,  but  also  on  the  labia  minora 
unassociated  with  hairs. 

Tbe  gUrnds  of  BnrihoVtH  are  two  macroscopic  racemose 
glands,  corresponding  to  Cowper's  glamls  of  the  male,  situated 
in  the  labia  minora,  one  on  each  side  of  the  outlet  of  tbe 
vagina.  Special  sensory  nerve-terminals  occur  in  the  mucous 
membrane  in  this  region. 

Beneath  the  integument  of  the  labia  majnra  are  niDRses  of 
adipose,  areolar,  vascular,  and  muscular  tissue ;  beneath  that 
of  tlic  labia  minora  and  vestibule  is  an  es{>eRial  abundance  of 
vascular  plexuses  and  sinuses,  funning  an  erectile  tiiisue.  In 
tbe  deeper  strata  of  the  genitalia  are  fasciculi  uf  muscle,  both 
striated  and  non-striated,  variously  arranged. 

The  hynuni  is  a  fold  of  the  vaginal  mucous  membrane. 
The  ditoris  repeats  in  a  rudimentary  way  the  cavernous  and 
erectile  structure  of  the  {)enis. 

The  Mammary  Qlands. 

The  mammary  glands  are  fully  dcvelopetl  only  during  their 
periods  of  functional  srcretinf:  .ictivity,  the  periods  of  laHa- 
tion;  at  other  times  they  are  in  an  atrophic  n  on -secreting 
condition. 

When  in  the  state  of  active  secretion  the  mammary  ^laiid 
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ia  a  compoiini]  racemose  gland,  of  the  fatty  tj-pc  (secreting 
niai  a  serous  and  albuminous  fluiil),  and  in  Hitniitcd  in  the 
subcutaneous  tissue.     It  is  divided  l»y  septa  into  fifteen  to 
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twenty  Inhf)',  and  these  apain  into  (ohufe»,  each  of  which  is 
made  up  of  a  numbiT  nf  the  ultimate  nlreoH  (Fig,  74). 

Eaeli  iif  the  lolics  lias  a  separale  nntlrt  dnct  opening  at  the 
nipple,  eai-h  lobe  thus  being  e^KentiuIly  a  di.stinct  gland. 

I'he  BOBtentactUar  connective  tissue  eon^sls  of  interlobar 
septa,  interlohnliir  septa,  and  a  small  amount  of  interalveular 
C(>nne<'tive  tissue  lying  iK'twecii  the  alveoli.  Adipose  and 
areolar  tissue  is  also  abundant,  tilling  the  intervals  between 
the  lobes  and  lobnles. 

The  ultimate  secreting  alveoli  are  large  oval  or  elongated 
saccules,  ivltli  large  open  liiniinn,  and  are  lined  with  a  layer 
of  granular  splieroidnl  epitlicltiim-cells,  which  seeretc  the 
milk.  Within  these  cells  gloluiles  of  oil  develon  and  are 
dischai^ed  into  the  lumen  to  form  the  fal-iKirlicles  of  the 
secreted  milk. 

The  alveoli  empty  into  duct«,  eallol  lactilerotiB  or  caUc- 


THE  REPROnuCTIVE  SYSTEM. 

tophorons  ducts,  \vlii(;h  iire  lined  with  a  layer  of  low  columnar 
cpitlicliiim  ntid  grjiluully  imirLMi^e  in  s\r£  as  they  unite.  The 
ductus  in  L'iuth  lube  unite  to  form  a.  lar^  oiitlet-duct,  which 

I)ursucs  a  KL>{}arate  (loiirsc  to  the  nipple,  distinct  from  the  other 
obar  diuitij.  Thet^*  large  lobar  outlct^ucta  have  well-marked 
walls  of  liUroiis  ti^iie  and  some  imstriped  muscle;  toward 
the  nipple  they  are  dilated  ho  aa  to  form  ampuUtF  or  sinuses, 
wliicli  rtci've  as  temporary  receptacles  for  the  milk,  and  open 
at  the  nipple  l)y  eonatrictcd  orifices;  they  arc  lined  with 
pimple  coitiniuar  epithelium  nearly  to  the  nipple,  where  the 
lining  olianges  to  stratified  Rquamous. 

The  nipple  is  covered  with  a  sort  of  mucous  membrane, 
nvsv  or  jiigmentcil,  lined  with  stratified  squamous  epitbeliiim, 
;i[)d  containing  ntiuiernus  special  senuory  nerve-terminals. 
Within  the  nipple  is  involuntary  muscle,  to  which  its  eree- 
tility  is  due  Scattered  alMint  the  base  of  the  nipple  and  the 
surrounding  areola  arc  tlie  small  racemose  glands  of  Mont- 
i/ouieri/,  especially  develo|K'd  during  lactation,  which  corre- 
spond to  small  projections  on  the  surface. 

When  not  in  a  condition  of  active  secretion,  the  alveoli  are 
smaller,  less  numerous,  rudimentary  or  atrophic  ;  instead  of 
having  a  cavity  their  lumen  is  filled  with  cells,  so  that  they 
are  representeti  iiy  small  solid  n(Hlules  of  epithelium. 

The  system  of  t/wcis  is  present  and  well  formed. 

Areolar  and  ruUpose  timme  is  more  abundant,  Inking  the 
place  of  the  undeveloped  or  degenerated  alveoli,  which  are 
imbedded  in  this  increased  amount  of  connective  tissue. 

Such  is  the  rudimentary  and  nndeveloi>ed  structure  of  the 
mamma  in  females  before  the  first  pregnancy,  and  in  males. 

During  pregnancr  the  gland  undei^oes  active  development, 
especially  the  secretory  alveoli,  which  increase  in  number  and 
size,  while  the  intervening  conwctJtie  (I'sswc  is  rciluced,  and 
the  cell«  in  the  centre  of  the  solid  alveolar  epithelial  masses 
andei^o  fatty  degeneration  and  at  the  beginning  of  lactation 
are  perhaps  cast  off  in  the  first  milk  as  coloslnim-corptiscles, 

Aft^er  laeUdion  is  over  the  gland  undergoes  retnigressive 
changes  or  involution  to  its  former  condition,  tlic  alveoli" 
atiiiphyiug  and  being  replaced  liy  adipose  and  areolar  tissue. 

Milk,  the  secretion  of  the  mammary  gland,  consists  micro- 
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scopically  of  »  Iiomogeiicnus  transparent  l^iiid  in  which  are 
siispcndtnl  Isirge  iinmlM;rs  of  minnte  round  or  oval  globules 
of  fat,  varying  in  size  from  two  to  live  //,  These  globules 
cause  the  o|>afity  and  white  color  of  the  milk  ;  they  are  sup- 
poseflly  surrounded  and  kept  intact  liy  alhimiinoiis  (caseiu) 

The  milk  secreted  at  tlie  Iwginning  of  lactation,  the  co/os- 
Irum,  couljiinH,  in  addition  to  the  cunHtituents  of  ordinary 
milk,  larger  ttphcriilea  of  fat  and  colostrum-eoriniHck's.  The 
latter  are  large  cells  filled  with  particles  of  fat,  and  are  re- 
garded by  fionie  as  cpilhelium-eclls;  by  others,  as  waiHlcring 
cells  which  liave  uudergone  fatty  degeneration. 
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CHAPTER    XV. 

MUSCULAR  AND  SKELETAL  8TRUCTUBEEL 

In  a  logical  analysis  of  the  systems  of  the  body,  the  motor 
atrocturea  (voluntaiy)  and  the  framework  of  the  body  deserve 
equal  and  coordinate  rank  and  oonsidention  with  the  other 
systemx.     The  elemental  tissues  which  nuke  up  the  greatest 

Crt  of  the  muscular  and  skeletal  Btnictures  have,  however, 
ea  already  described  (Chapter  IV.),  so  that  only  a  few  fui^ 
ther  points  need  attention. 

The  Toltmtaiy  nrasclsi  are  made  up  of  striated  muscle-cellB 
or  fibers,  united  by  susteatacular  connective  ti^uo  into  fas- 
ciculi, and  these  atrain  into  entire  muscles.  They  are  richly 
supplied  with  capillaries.  That  jKtrtion  of  the  suslvntucular 
tissue  enveloping  the  entire  muscle  is  caDcdthe  epimyaiwm; 
tliat  investing  the  several  fasciculi  \nt\\<i  perimyemm  ;  the  deli- 
cate connective  tissue  within  the  fasciculi,  among  the  indi- 
vidual muscle-cells,  is  the  endomystvvi. 

Tendons  consist  of  white  connective-tissue  fibres  cemented 
t(^ther  in  parallel  non-vaisrular  denise  bundles ;  these  are 
bound  tt^ther  tuto  entire  tendons  by  trat)eculie  and  sheaths 
of  sustentacular  tissue,  which  contains  tlie  vascular  sujtply. 
In  rows  between  the  white  fibres  are  the  (atdtm-cefh,  s|)ocial- 
ize<l  connective-tissue  cells;  they  sc'ud  flat  lamellar  projections 
between  adjacent  fibres,  thus  having  a  rectangular  api>earance 
from  the  side,  stellate  in  cross-sf-ction.  The  nuclei  of  adjoin- 
ing cells  are  often  situutod  near  each  other,  forming  pairs. 
The  surface  of  tendons  is  often  lined  with  endothelium. 

The  connection  between  the  tendons  and  the  muscle-cells  is 
in  general  established  by  the  fibres  of  the  endomysium  ;  these 
are  united  on  the  one  hand  to  the  san-olemma  at  the  extremi- 
ties of  the  mnscle-c-ells,  and  on  the  other  are  eonnecto<l  with 
tendon-fibres.  At  the  junctitm  of  muscles  and  tendons  their 
connective-tissue  elements  are  continuous  and  merge  into 
each  other. 
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Tendons  and  lignmcDls  at  t&eir  Insertion  into  bones  beoom? 
intimnloly  bleniied  with  the  porioateum,  and  tlieir  fibres  often 
tiiect  the  btinv  wiibstaiice  oliliqnely  or  |K;r[R-iiiiifularly.  Some 
of  the  fibres  jwnetrate  tlie  Iwnt'  for  ;i  short  diistantx'  afttT  the 
miinner  of  Shnqicy'H  fibrra,  »u  thul  the  osseous  tissue  and  the 
tcndun-tibres  dovetail  into  eatrb  other^  atlbrding  a  very  firm 


anion.  These  fibrous  insertions  can  be  stripped  from  the 
bone  only  with  difGeully,  more  an  than  the  perio.'tteum  else- 
where, and  the  surfaee  of  the  <lenuded  bone  ut  such  points  is 
rough  and  uneven. 

STUOVlal  membnuieB,  nllied  to  serouR  menibmnes,  are  thin 
fibrous  membranes  more  or  less  completely  e<)vercd  on  their 
free  surface  with  flat  connective-titsue  or  endothelium  cells. 
Tliev  form  Mieaths  or  sacs  in  connection  with  moving  surfaces, 
of  tnree  kinds — articular,  vaginal,  and  bursal.  The  articular 
synovial  tnembranes  inclose  joints;  the  mTino/ form  tcndon- 
sneaths ;  the  burnal  line  the  biirsie.  They  secrete,  by  a  sort 
of  glandular  action,  a  glairy  fluid  which  bibricutes  the  ojiposed 
surfaceti  that  nn>ve  on  each  other. 

Tendon -BbeathB :  The  tendons  in  some  situations,  in  the 
vicinity  of  joints,  notably  in   tJie  hand   and   foot,  are  eur- 
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niumled  hy  synovial  slieatlis  or  sacs  in  wliicli  tliey  smoothly 
gliile. 

Bursa  are  small  synovial  sues  trituated  at  puinU  cx[H)sci1  to 
IVictiim ;  tiiey  furilitate  iiiuveinpiit  by  the  gliding  of  their 
opposite  Hiirf'iicea  over  (.■aijli  iitlicr,  liibricateil  by  llicir  glairy 
contents.  They  occur  at  (.'xixiseil  piiints  undcrni'iith  the  skin, 
as  over  the  patella,  and  interposed  bL-twccn  tc-ndons  and  bones, 
as  over  the  bicipital  tuberosity  of  tlie  radius. 

The  structure  of  bones  and  cartilages,  which  make  up  the 
chief  part  of  the  skeletal  framework,  haa  been  already  suf- 
ticieutly  considered. 

The  Ueamenta,  which  bind  the  jiarte  of  the  skeleton  tt^ther, 
mostly  wmsist  of  dense  M'bite  fibrous  tissue,  and  are  character- 
ized by  linii,  unyielding  strength;  a  few  ligaments,  however, 
the  ligunientum  nuchm  of  animals  and  the  ligamenta  subflava 
of  the  spine,  consist  of  clastic  tissue  and  arc  serviceable  by 
virtue  of  their  elasticity. 

Fascis  are  chiefly  composed  of  interlacing  white  iibrous 
tissue. 

The  arttculations  of  the  bones  with  one  another  are  of  three 
kinds — synarthroses,  in  which  the  joint  is  immovable ;  amphi- 
arthroses,  in  which  there  is  limited  motion  ;  and  diarlhroses, 
in  which  motion  is  more  or  less  free. 

The  sjmarthrosea,  or  immovable  joints,  are  exemplified  by 
the  bones  of  the  skull  and  face,  immovably  united  or  dove- 
tailoil  (dfjether  by  sutures. 

Ill  the  ampbiaithTOBes  a  layer  of  fibro-eartilage  is  interposed 
between  the  uniting  bones  (forming  a  "synchondrosis"),  the 
articulation  being  reinforced  by  ligaments.  There  is  no  synov- 
ial joint-cavity  and  no  surfaces  moving  on  each  other,  the 
limited  amount  of  motion  possible  being  effected  by  the  flexi- 
bility of  the  cartilaginous  Junction.  The  intervertebral  junc- 
tions and  the  pubic  and  sacro-iliuc  symphyses  are  amphiar- 
thnidial  joints. 

The  intervei-itbToI  discs  contain  in  their  centre  a  pulpy 
reticular  mass,  the  remains  of  the  chorda  dorsidis;  outside 
of  this  is  a  broad  zone  comjKisi'd  of  laminse  of  fibro-cartl- 
lage,  which  merges  at  the  pen|ihery  into  dense  white  fibrnuH 
tisMie. 

The  diarthroaes,  or  ordinary  juinis,  arc  chardeterizi'd  by  the 
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posspssioii  of  synovial  cavities  and  the  movement  of  the  enda 
of  tlie  bones  on  one  another. 

The  nrticular  ntda  of  the  Iwincs  entering  inUi  the  fornmtion 
of  the  joint  are  covered  with  a  layer  of  kt/afive  cartilage,  which 
takes  the  place  of  a  [wriosteum.  The  articular  surface  of  this 
cartilage  is  smooth,  polished,  and  naked,  not  being  covered  by 
]>erichondrium,  synovial  membrane,  nr  endothelium ;  the 
tiUjR>rtieial  (curtilage- cells  nrc  flattened,  the  deeper  ones  often 
arranged  in  niws  perpendicular  to  tlie  surface;  the  deepest 
stratum  of  the  cartilage  is  calcified. 

At  tlio  mnnjins  of  the  joint  the  nrliciilur  cartilages  are  con- 
tinuous with  synovial  membrane,  which  closes  the  sides  of  (he 
joint,  and  t<^lher  with  the  cartilages  c<^>mpletely  incloses  and 
lines  the  joint  cavity. 

Beneath  the  synovial  membrane  is  areolar  and  Jaliy  tigime, 
filling  in  the  spaces  between  the  liony  parts. 

The  »\fn<mitl  membrane  in  plaws  projects  into  the  cavity  as 
vascular,  fatty,  or  fibrous  ridges,  fringes,  or  villi. 

The  exterior  of  the  joint,  outside  the  subsynovial  tissue,  is 
firmly  bound  tf^lher  by  ligamenie.  In  some  joints  the  mar- 
gins of  the  articnlatiug  siirfiu'es  are  decpoued  by  rims  ni'Jiliro- 
enrliloffe,  as  in  the  shoulder  (glenoid  ligament),  hip  (cotyloid 
ligament),  and  knee  (seniihniar  cartilages). 


CHAPTER    XVr. 

THE  NERVOUS  SYSTEM. 

The  nwTons  system  U  tbe  seat  and  apparatae  of  sema^n, 
conaciousneSR,  coord inatioD,  and  volition,  and  its  elcmenta  are 
distributed  throughout  all  parts  of  ihe  body.  Nervous  tissues 
are  of  epiblastic  origin  and  ooostitute  a  olaas  of  tisanes  «ut 
generis. 

Division :  The  nervous  sjrstem  can  for  practJoal  convenience 
be  divided  into  the  nerve-centres,  nerve-trunks,  and  distal 
nerve-terminals ;  and  the  tissue-elements  corresponding  to 
tliese  respectively  are  nerve-cells,  nerve-fibres,  and  nerve- 
terminals. 

The  cetla  and  centres  are  concerned  with  the  distribution 
and  storage  of  nervous  energy ;  the^res  conduct  nervous  im- 
pulses; and  the  ierminah  are  connected  witli  the  transfor- 
mation of  nervous  force  into  other  forms  of  energy,  and  ci'ce 
versa. 

According  to  present  prevailing  conceptions,  the  stnictiim) 
and  functional  units  of  the  nervous  system  are  elements  called 
iieurojis,  and  the  subject  is  here  presented  from  this  stand- 
point A  neuron  is  a  ningle  nerve-cell  with  all  ita  parts  and 
processes.  The  nerve-fibres  are  regarded  as  greatly  elongated 
processes  of  nerve-cells,  so  that  a  neuron  would  include  the 
ix>dy  of  the  nerve-cell,  its  nearby  processes,  the  nerve-fibre 
connected  with  it,  perhaps  extending  a  long  distance  to  the 
periphery  of  the  body,  and  the  periphfral  terminations  of  the 
nerve-fibre.  A  neuron  therefore  simply  represents  &  single 
complete  nerve-cell  with  all  its  parts. 

Nerve-cells. 

Herve-cells  (or  ganglion-cfJU) :  In  the  full  sense  of  the  term 
"  cell,"  a  nerve-cell  is  the  same  as  a  neuron  ;  but  as  ordinarily 


used  the  terra  nerve-cell  is  convpntcntly  appliei]  to  the  main 
body  of  these  cells,  regardless  of  tlic  otfendi-d  jinicpsse,*. 
Such  a  term  as  neiiroxotiw  wuiilil,  |ktIiu|is,  ho  a  liolt^T  dcaig- 
nation  for  the  nerve-cell  body.  Nerve-cells  are  ordinarily  of 
large  size,  and  are  situated  in  the  giingHu  and  c:erebra-si)inal 
centres.  Their  cytoplasm  nsitally  consists  of  a  nelworK  of 
fibnU  (spongioplasm),  in  the  niesheH  of  which  is  a  more  fluid, 
homogeneous  protoplasm  (hyaloplasm),  sometimes  called 
neuropfairm. 

The  cell-bodiea  often  contain  grannies  (chrnmophillc  gran- 
ulen)  which  stain  deeply  with  vurioua  dyes,  cs|ieeially  basic 
stains ;  pigment  is  also  sometimes  present.  There  is  no  definite 
ceil -envelope. 

Nerve-cells  possess  each  n  large  vesicular  mic/ewi,  usually 
poor  in  chromatin,  and  hence  mit  staining  deeply  ;  within  the 
nucleus  is  a  large  nudeolu^.     In  shape  nerve-cinls  vary,  being 


spherical  Cganglia),  oval,  fusiform,  pyranildid  (ceretiruml)  or 
stellate  (spinal  cord). 
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Nerve-cells  are  strongl;  characterized  b;  the  possesBion  of 
processes,  often  greatly  proloDged  and  very  complex,  ranging 
in  number  from  one  to  many ;  at  least  one  process  is  always 
present.  The  procetwes  consist  lai^ly  of  prolongations  of 
the  spongioplastic  fibrils  of  the  cnrtoplasm. 

Nerve-cells  are  daaned  as  unipolar,  bipolar,  and  multipolar 
according  an  they  possess  one,  two,  or  several  processes  re- 
spectively.    Another    variety  of  ganglion-cell,   which   may 

Fia.  77. 
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of  DecTe-im  puwei. 


be  calle*!  pftnido-unipohr,  is  npparently  utii|)olar,  but  prac- 
ticallv  bipolar;  it  posisenses  a  Kinglc  process  which  soon 
divides  like  a  T  into  two  processes ;  embryonically  this  oell  is 
bipolar. 
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The  prot-esses  of  nerve-cells  are  of  two  vpry  distinct  kinds, 
dendrites  or  prntoplasroic  processes,  and  neiirites  or  axis- 
cylinder  priMiesses, 

The  dendrites,  or  protoplasmic  procssses,  are  long  sleiKler  ex- 
tensions or  proees.«es  from  llic  hodyof  llie  iicrve-eells,  ustiaily 
dividing  and  sulMlividin};  into  hrnndie-i  like  a  tree,  forming 
extensive  "  arbori/jitions "  in  the  vicinity  of  tlic  cell.  As 
tliey  divide,  the  hmnclies  decrea.sc  in  sizn  to  fine  terminal 
twigs,  which  have  either  pointed  or  ronnded  ends.  The  ter- 
minals of  dendrites  have  been  called  IcMendnta:  The  num- 
ber of  dendrites  given  off  by  each  nerve-cell  varies ;  there  may 
be  none  or  several.  The  cerebro-spinal  nerve-cells  possess  the 
most  numerous  and  l>est  developed  dendrites,  each  having  a 
number  of  such  processes,  while  the  ceJls  of  the  ganglia  are  less 
abnndanlly  supplied  with  them,  and  unipolar  cells  lack  ibem 
altogether.  The  dendrites  of  neighboring  nerve-cells  inters 
lace  and  lie  in  close  relation  with  one  another ;  but  according 
to  the  nenpin  theory  they  are  not  aciiially  nnitcti  or  structu- 
rally continuous  together. 

The  nenrites,  ajda-cylinder  processes,  or  nenrazons,  are 
slender  filamentary  processes  from  nervc-eells,  which  are  pro- 
longed as,  and  become  continuous  with,  the  axis-cylinders  of 
nerve-fibre?,  and  as  snch  are  greatly  prolonged,  often  extend- 
ing to  the  periphery  of  the  body.  They  acquire  mednllated 
envelopes  at  a  short  distance  from  the  cells,  and  thus  i>ecomc 
converted  into  nerve-fibres.  Sometimes,  within  tiie  sui>stanee 
of  the  nerve-centres,  ncurit«s  give  off  delicate,  short  lateral 
branches,  the  collntpral  fbren,  but  aside  fnmi  these  and  except 
at  their  distal  ends  neurites  do  not  branch,  and  their  diameter 
is  uniform  thronghont.  All  nerve-cells  |kisscs3  one  neurite, 
sometimes  more  than  one;  if  a  cell  has  but  one  process,  that 
process  is  a  neurite. 

At  their  distal  ends  nenrites  or  nerve-fibres  usually  termi- 
nate in  fine  branches;  these  distal  terminations  have  l>ecn 
called  tdeneurilfn.  Aeconling  to  the  length  of  the  nenrites 
and  the  situation  of  the  telenenrites,  two  tyjws  of  nerve-cells 
or  neurons  are  recognized. 

Nerve-cells  of  the  S.r8t  tjipr,  have  long  nenrites  extending: 
to  the  visceral,  distal,  or  peripheml  portions  of  the  binty, 
where  their  terminals  or  telenenrites  are  sitnated. 
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Those  of  the  second  type  have  a  uhort  aeurite  which  does 
not  emerge  from  the  nerve-eentres,  but  not  f&r  from  its 
iirigin  divi<]es  into  its  terminal  branches  or  fibrilB, — some- 
times fonninp;  a  basltet-like  network  enveloping  another 
nervc-cell.  Neurons  of  the  second  type  are  situated  entirely 
within  the  nerve-centres,  those  of  the  nrst  type  partly  within 
the  nerve-centres,  partly  without,  in  the  general  body-stmot 
ures. 

A  nenron  typically  consists  of  a  nerve-«ell  or  cell-body,  one 
or  more  dendrites,  and  a  neurite  prolonged  as  the  aii»-c>'linder 
of  a  ncrvc-fibrc  to  the  distal  part  of  the  body  (or  to 
another  part  of  the  nerve-centres),  where  it  has  a  special 
termination. 

From  the  nature  of  nervous  acUon,  as  we  conceive  it^  a 
neuron  must  have  a  mechanism  boUi  for  receiving  nervous 
impulses  ami  for  sending  them  nut  again,  E^eh  neuron  is 
supposed  to  be  complete  in  itself,  and  to  liave  no  anatomical 
connection  or  continuity  with  other  neurons ;  the  processes  of 
one  nerve-cell  are  liclicved  not  to  he  united  to  tliose  of 
other  cells. 

As  it  is  evident  that  some  eoitimiinication  of  nert^ous  mpnlses 
takes  place  from  one  neunin  to  anotlier,  it  is  supposed  that 
such  communication  occurs  through  contact  of  the  processes 
or  other  parts  of  ditTcrent  cells  with  one  another.  If  tlie  cell- 
processes  arc  n-tnicted  (jis  by  anioelioid  movement)  ordiseased, 
the  communication  may  l>c  cut  off  and  altered  nervous  condi- 
tions result. 

Another  co;iecivable  mo<le  of  transfer  of  nervous  impulses 
from  one  ct^'ll  to  nnntlicr,  jHissible  without  direct  contact  or 
continuity,  might  I>c  by  a  sort  of  iwluction,  analogous  to 
electric  induction. 

Fnaction  of  dendrites  and  neniites :  It  is  by  some  supposed 
that  the  dendrites  arc  afFercnt  or  ccntnjKtal  (cellu]i])etal)  in 
their  action,  condnrtiitg  impulses  to  the  nerve-cell,  and  that 
the  ncnntes  arc  efferent  or  ofutrifngnl  (ccllulifugal),  convey- 
ing impulses  from  the  eeil  and  degenerating  when  their  con- 
nection with  the  cell  is  Bcvcre*! ;  this  supposition  is  clear 
eniin^h  witli  rtsjH-ct  to  motor  and  other  efferent  ncrve-cclls 
and  fibres  but  it  is  not  so  obvious  in  the  ease  of  sensory  and 
afferent  fibres. 


AXIS-CYLINDER. 


Nerve -fibres. 


Nerre-flbres  are  ri'pinliil  as  jjiiiccsscm  i>t'  nerve-cells,  beiug 
the    continuations   ol'    iiciiritt's,   t'iiv<.'lii|H.-d 
by  certain  sheathR.     They  connect    nerve-  Fig.  78. 

cells  with  iiervc-tenninala,  ami  their  func-  |^, 

tion  i»  the  conduction  of  nervous  impulses. 
Nerve-fibres  are  situated  both  within  and 
without  the  cerehro-spinsl  centres,  with 
certain  differences  in  their  envelo]K>a  in  the 
two  situations.  In  their  passage  through 
the  body  the  fibres  are  united  by  sustcntnc- 
ular  tissue  into  bundles,  the  nervesox  nerve- 
trunks.  Nerve-fibres  are  of  two  kinds, 
nie<lullated  and  nun-medu Hated. 

Hedullated  nerve-flbres  (Fi^.  78),  ulso 
culled  myelinic  or  uliitc  fibres,  make  up  the 
chief  part  nf  the  eerebro-spinal  nerves  and  f_ 

occur  also  in  larp'  numbers  in  the  cerebro- 
spinal structures.  ttTiere  most  develoned 
they  consist  of  ihrec  parts — axis-eylinaer, 
roe^ultnry  shealh,  and  neurilemma.   Within  ' 

the  cerebro  spinal  centres  there  is  no  neuri- 
lemma, and  at  the  terminations  of  the  fibres  ^ 
lioth  neurilemma  and  medullur>'  sheath  are  < 
wanting.                                       '  ^ 

The  azis-cylindeT,  or  otoii,  the  prolonga- 
tion of  a  nenritc,  i^  a  tine  <-ontinuous  fila-  ^ 
ment,  uniform  in  size,  occupying  the  centre 
or  axis  of  the  fibi-e.s.     In  medullated  fibres 
the  axis-cylinder  does  not  branch  exeepi  for     scKmcntora  i 
the  "collateral  fibres,"  and  near  its  distal       ^d^''o"i(l 
termination,  where  it  may  divide  at  a  n'Kle       '-J*!','^'*"' 
of  Ranvier.     It   exhibits  fine  longttndinul       3!  ■i'i«'Vii' 
striations,  ap]»arently  represent  i  tig  spongio-      /"nuHfui  or 
plastic  fibrillEe  imund  together  by  cement  or      i*™""- 
protoplasm.      It  in  the  essential  andeonduct- 
mg  norliou  of  the  fibres,  the  me<lnlhiry  sheath  and  neurilemma 
servmg  as  coverings  for   it.     At   its  central   end  the  axis- 
cylinder  emerges  as  u  process  from  u  nerve-cell,  and  at  it» 
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distal  extremity  usually  breaks  ap  into  branches  or  fibrils 
coiinei-ted  with  terminal  structures.  Axis-cylinders  arc  of 
epil)la3tic  origin,  develo[Hng  as  ou^rowths  from  the  primitive 
nerve-cells. 

The  medoUaiy  aheatii,  or  white  substance  of  Schwann,  is 
an  envelope  of  semisolid  material  invesdng  the  axis-cylinder, 
the  presence  of  which  is  the  main  feature  distinguishing 
medullate<l  fmm  non-medullated  nerve-fibres.  It  begins  near 
the  exit  of  the  npurite  from  the  nerve-cell  and  exteBaM  nearly 
to  the  distal  terminatJon  of  the  fibre.  It  protects  and  per- 
haps insuliitcA  the  axis-cylinder.  The  medollary  substance 
consists  of  an  oily,  refmatile,  semifluid  substance  called 
mi/elin,  9up[>o!)e<i  tn  be  supported  in  a  reticulum  or  sheath  of 
a  horny  anhntance  termed  nearokeraiin. 

At  regular  intervals  the  nerve-flbres  exhibit  constrictions, 
.  the  nodes  of  Ranvitr,  dividing  the  fibres  into  internodnl  Kg- 
merdit.  At  these  nodes  the  eonCiuuity  of  the  meiliillary  sheath 
is  interrupted,  the  neurilemma  and  axis-cvlinder  roming 
together  at  these  points.  In  each  intcrnotlal  segment  the 
mmlnllary  sheath  exhibits  a  number  of  oblit(Ue  or  conical 
markings  or  divisions,  calhnl  the  Incisnrai  of  Schmidt  or  of 
Laidermaim;  the  nnture  of  these  is  nut  definitely  known. 

The  neurilemma,  or  sheutli  of  Schwann,  is  a  thin  homo- 
geneous membrane  fonnin<j;  the  outer  covering  of  the  nerve- 
fibre.  It  is  present  only  in  the  piH'tinn  of  the  fibres  inclnded 
in  the  nervc-tnmks,  being  abscnl  in  the  cerebro-spinal  centres, 
where  its  place  is  taken  by  neu«»glia.  It  also  disappears 
at  the  nerve-terminations.  At  the  ntHles  of  Ranvier  it  comes 
into  contact  with  and  is  cemented  to  the  axis-cylinder,  inter- 
rupting the  continuity  of  the  nio<lullarv  sheaths  at  those 
points.  At  the  middle  of  each  internndid  segment  n  nucleus 
snrronndcd  by  a  Hniall  amount  of  protoplasm  is  situnted 
lieneath  the  neurilemma.  This  nucleus  )ip|MirentIy  belongs 
to  the  neurilemma,  and  eneh  nucleated  segment  of  the  nen- 
rilomma  Is  commonly  reganled  as  a  sjK'<ialized  siufile  eonnec- 
tive-tissno  cell. 

NoB-medullated  nerve-fibres,  niso  <'iille<]  amy<'Iiiiie  or  ^vay 
fibres,  or  fibres  of  Kemak  (Fig.  7!l).  possess  no  me<lullary 
sheath.  The  sympiithctic  nerves  are  made  up  chiefly  of  this 
kind  of  fibres.     They  consist   in   general  oi   axis-cylinders 
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covered  apparently  by  a  neurilemma  whicli  exhibilfi  iiumeroiia 
nuclei.     Tne  axut-cylindera  are  simitar  to  those  ot"  nietluliated 
fibres,  except  that  they  fri'ely  dJviJe 
and    anastomose   with    one   another,  riu.79- 

forming  plexuses.  On  their  surface 
at  intervals  rest  nuclei;  these  prob- 
ably belong  to  a  neurilemnm,  which, 
however,  is  so  tliin  anil  delicalc  as  to 
be  ilitlicult  to  (listinguish. 

Nerve-centres. 

The  nerve-eentrea  are  tlie  cerebrum, 
ecrel)elliini,  and  spinal  conl,  maliinfj 
np  the  cerebro-spinal  stnictnres ;  ana 
the  numerous  ganglia  io  different  parts 
of  tiie  body. 

The  characteristic  elements  making 
up  the  central  nervous  structures  are 
nerve-cells  and  processe!^,  nerve-fibres, 
and  a  peculiar  sustcnlacular  tissue 
called  neuroglia. 

The  pia  mater  also  contributes  a 
<«rtain  amount  of  onlinarv  connec- 
tive tissue  to  the  snstentacular  frame- 
work. 

Through  differences  in  the  distri- 
bution of  these  elements  two  jiarts 
arc  distinguishable   in   the  mib^tance 

of  the  cerebro-spinal  structures,  gray     NonmeciiiiiMted  nene-nbrc* 
matter  and  white  matter.  cmV/ n..Srii»miiii " J!''. 

The  gray  matter   consists  of  neu-       S,''pduii«^1h2"h'  '""''' 
roglia,    nerve-cells,    ramifying    den- 
drites, and  scattered  nerve-fibres,  with  and  without  medullary 
shenths. 

The  white  matter  is  an  idnio.st  mlid  mass  of  jtarallel  medul- 
latcd  fibres,  snpportcil  by  neuroglia. 

Netiroglia,  the  chief  sus tentacular  tissue  of  the  cerebro- 
spinal structure,  is  a  sort  of  connective  tissue,  but  is  of 
epiblastic  origin  and  derived  from  epithelial  elements.     It 
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many  line  processes  whii:li  interlace  with  one  another  tu 
form  11  network.  Some  glia-«'l!s,  the  "  Hpider-cells,"  have 
long,  fine  iinlii-anched  processes;  othem,  the  " mossy  cells," 
have  shorter,  thicker,  ami  bnniL-liing  processes  (FigH,  80,  81), 
A  liomogenei>uri  intircelliilnr  cement-substance  is  perhaps  also 
present,  contributing  to  tlic  ^uslentucular  framework. 

The  cerebro-apinal  meninces  are  the  dura  malcr,  arachnoi<t, 
and  pia  mater. 

The  <lura  mnter  is  a  dense  fibrous  membrane  forming  the 
outer  covering  of  the  brain  and  spinal  cord  ;  its*  inner  surface 
ia  lined  witli  endothelium.  Wittiiii  the  cranium  it  is  closely 
applied  to  the  crunlal  bones,  forming  their  inner  periosteum. 

The  arachnoid  is  a  delicate  connective-tissue  lamina  and 
reticulum.  Externally  it  presents  a  continuous  free  surface 
linetl  with  endothelium ;  tliis  surface  is  opjjosetl  tu  the  dura 
and  separated  from  it  by  a  large  lymph-space,  the  subdural 
space.  The  deeper  portion  of  the  arachnoid  is  a  network  of 
delicate  fibrous  laminte  and  conis,  lined  on  their  free  surfaces 
with  endothelium  ;  this  network  is  connected  and  continuous 
with  the  pia  mater,  and  the  cavities  enclosed  in  it  form  a 
system  of  communicating  lymph-spaces,  called  the  subarncb- 
noid  space. 

The  pin  maier  intimately  invests  and  follows  the  surface  of 
the  brain  and  cord  ;  it  consists  of  delicate  vascular  t-onnective 
tissue,  often  containing  irregular  pignient-cells.  At  intervals 
it  sends  supporting  fibrons  trabcculie  inward  into  the  sub- 
stance of  the  brain  and  cord. 


The  Cerebrum. 

The  ceiebnua  consists  of  aggrtfriilions  of  white  and  gray 
matter. 

The  vhiU  matter  is  composed  of  radiating  masses  of  niedul- 
lated  nerve-fibres,  and  occupies  the  interior  and  central  por- 
tions of  the  ot^n. 

The  ijiyii/ matter,  containing  the  nerve-cells,  covers  the  sur- 
fece  of  the  cerebrum  and  also  occurs  In  the  central  and  iMisal 
ganglionic  tracts. 

The  gTxy  natter  of  Uie  cerebtal  cortex  in  general  (though 
vith    variations    in  some   situntions)  exhibits  tlic   following 
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The  crura  cerebri,  pons,  nnd  medulla  oblongata  arc  com[x>.«ed 
largely  "f  wliitt'  matter,  or  IiliihIIvs  of  iifrvL-fil)rt-s  passing 
into  tiic  wrt-bnim  and  i-frt'ljclliiiu,  intcrniiugliii  with  tracUf  of 
gray  matter. 

The  ventricles  of  the  brain,  continuoim  with  the  central 
canal  of  the  spinal  cord,  are  nn)Slly  lined  with  "  ej>ntdi/ma,"  & 
single  layer  of  columnar  epithet iiini,  ciliated  (especially  in 
youth),  resting  upon  a  neurtigliar  hasin.  The  colnmnar  cells 
are  related  to  the  g!ia-cella. 

Iq  vuriouM  parts  of  the  brain  are  found  corpora  amylacea, 
minute  rounded  grannies  with  concentric  markings,  resembling 
starch-gran uie»  in  apiKumnec  uml  chemical  reactions. 

The  GerebeUtim. 

The  central  portion  of  the  cerebellum  is  a  mass  of  white 
matter,  within  which  is  an  irregular  nodule  of  gray  matter, 
the  dcuttitc  biiihi.  Other  nodules  of  gray  matter  i)ccur  in  the 
up|»er  part  of  the  organ. 

The  superficial  portion  of  the  cerebellum  is  divided  into 
branching  laniinie,  which  in  cross-Bcetion  appear  like  the 
branches  of  a  tree,  whence  ibey  are  called  tne  arbor  vitse. 
These  lamime  consist  of  a  central  corcor  axis  of  white  matter, 
covered  on  each  side  with  gray  matter. 

The  grxj  matter  of  tbe  cerebellar  cortex  exhibits  two  well- 
marked  lavors,  the  nuclear  layer  and  the  molecular  layer, 
between  which  is  a  stratum  fornie<l  by  the  bodies  of  the  cells 
of  Purkinje, 

The  niiffmr  or  ffiumufr  loyrr  is  a  broad  zone  lying  next  to 
and  on  each  side  of  the  central  white  matter,  and  contains  a 
crowded  mass  of  small  mnltij>oIar  nerve-cells  with  prominent 
deeply  staining  nuclei  and  small  cell-bodies.  Scatlei'cd  about 
among  these  cells  are  a  few  larger  multipolar  ner\*e-eclls  and 
glia-eella,  while  medullated  nerve-fibres  [vas^ing  into  the  cen- 
tral white  matter  are  numemus  thnuighnut  tbe  nuclear  layer. 

The  rrlln  of  Pnrhinje,  or  "antler-cells,"  are  conspicuous 
nerve-cells,  the  ho<li(*s  of  which,  sK'pnrated  by  intervals,  are 
disimsed  in  a  single  layer  at  the  junction  of  the  nuclear  and 
molecular  layers.  Their  IxKiies  are  very  large,  rounded  or 
flask-shapetl,  nucleated,  nucleolated,  and  from  their  snperJicia] 
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a'lpeat  (that  directed  toward  the  surface)  give  off  coarse  pmto- 
plasmic  prKceJwes  which  divide  and  subdivide  (in  narrow 
tmnaverse  jilaneA)  into  extensive  arborizations  occupying  the 
entire  thicbnei»  of  the  mot(«uIar  layer;  from  tbe  deeper 
aspect  each  cell  gives  o>t' an  axi:'  cylinder  proci^^s  which  passes 
inward  throngb  the  nuclear  luyer. 

The  molecular  layer  is  the  superficial  stratum  of  the  oere- 
bellar  cortex,  and  conrii^t!)  chiefly,  besides  neun^lia,  uf  tbe 
extensive  interlacing  ramifications  of  the  dendrites  of  the  cella 
of  Purkinje  and  of  the  processes  of  other  nerve-cells  in  the 
vicinity.  This  layer  also  contains  scattered  small  multipolar 
nerve-cells ;  the  nenrites  of  some  of  these  cells  ("  basket  cells") 
run  parallel  to  the  surface  and  give  off  branches  which  break 
up  into  terminal  basket^like  networks  of  fibrils  that  surround 
the  bodies  of  Purkinje's  cells. 

The  Spinal  Cord. 

The  spinal  cord  is  divided  into  symmetrical  lateral  halves  by 
the  deep  and  narrow  po.sterior  median  "fissure"  (really  a 
fibrons  septum)  and  the  broad  hut  shallower  anterior  median 
fissure. 

The  periphery  of  the  cord  is  formed  by  white  matter,  con- 
sisting of  a  dense  mass  of  longttuilinul  medullntetl  nerve- 
fibres,  supported  by  neun)glia  and  narrow  connective-tissue 
extensions  from  the  pia  mater  itawing  radially  inward.  The 
narrow  layer  of  white  matter  intervening  between  the  gray 
commissure  and  the  fundus  of  the  anterior  median  fiitsure  con- 
stitutes the  "anterior"  or  "  white  commiflHure." 

From  physiological  and  pathological  considerations  the 
white  fibres  of  the  cord  are  divifiible  info  definite  longitudinal 
tracts,  but  these  divisions  are  only  partially  apparent  to  sight 
in  the  normal  cord  (Fig,  84). 

The  interior  of  the  cord  is  occupied  by  gray  matter,  which 
consists  of  two  lateral  parts,  curved  outwanl.  joined  by  a 
transverse  portion  (the  "gray  commissure"),  thus  in  oross- 
aection  roughly  exhibiting  an  H  shape. 

The  gray  matter  is  composed  of  ncurfiglia,  interlacing  den- 
drites, nerve-fibres  (with  and  without  medullary  sheath.s),  and 
nerve-eel  Is. 
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The  portions  of  the  gray  matter  which  approach  the  surface 
of  the  cord  anteriorly  ami  posteriorly  are  willed  the  anterior 
(or  ventnd)  and  jjosterlnr  (or  dorsal)  horns  or  comiift ;  the 
uiiU'rior  horns  arc  liroader  and  shorter ;  the  posterior  longer 
and  narrower. 

From  these  honisat  intervals proeeed  the  poHterior(3en8ory) 
and  anterior  (motor)  rootfi  of  the  spinal  nerves. 


SST' 


.  a,  ■nIerUn'  flnnre ;  B,  pBrieellulftr  bnnchn  of  Ibe  FoIlaUiali  from  UiS 
aniennr  colnmn :  C.ODllBtanlEotltM  ulterior  com  in  Inur*  i  D,  piwlvrlar  bniMlla 
of  eolUKralB  In  the  nnalFrior  mmnnliaun :  E.  middle  bundle  nt  the  pMterlor 
ODinniinure  :/.  anterior  bundle:  O,  cotuienia  from  the  pcMterlor  colDmn;  B. 

MnHo-miiliiry  mllHli'mlii  Tmm  the  pOHletlnr  rolomn  -.  I,  pcrirelliiUr  UmnliistlDns 
or  ciilUterafu  In  lliv  puBtertor  horn ;  J,  colUlerBl  tenainallniu  In  tbe  column  oT 
OluKe. 

The  serre-cells  of  the  wrd  (Tip.  76)  are arranf^l  indefinite 
lon^ttidinal  series  or  columns,  as  frdlows:  (a)  in  the  anterior 
horn  are  numerous  very  lar^e  stellate  multipolar  motor  cells ; 


(A)  b  the  parimor  kor*  xn  aiaiier  and  leas  n 

oeiU  ;  le)  toe  raieularetiiwmmofiJarktif 

flbol  Derve~<c-1Ls  not  niatinDott^  alcN^  the  «nut«  cncd,  oa  the 

iaiKr  cities  of  ibc  puetmor  cumu  ;  {li  )  the  im/frmnlto-taifrat 

(mAmmi  b  a  serws  of  onill  nerve  celk  ktenlly  fittatM)  (Id  tbe 

**  htoal  bom  ")  ■■  the  doral  ponioo  of  the  con]. 


(.'ra^wetlnn  or  haman  iplrul 


Till!  central  canal  is  a  small  tultc  in  tlie  middle  of  the  gray 
(■iininii48iin!  i^xlciiiling  llio  whole  length  of  the  cord  and  con- 
tiniioiiH  with  the  ventricles  of  the  brain;  it  is  lined  with  a 
tiingle  laver  of  columnar  epitlielitim-celh,  cilinted  in  youth, 
surrounded  by  neurr^lia. 

The  neuiwflia  capping  the  poBterior  horns  and  i^nrrounding 
the  central  wmal — the  "wihstantia  gelatinosa" — is  somewhat 
honiogeneouH  an<l  glistening. 

Oanglia. 

QanKlIa  are  Hmatl  ni.iomsot^pie  to  microBcopic  aggr^;atioQ8 
of  nerve  ccIIm  iind  fibres,  iwcnrritig  abiindnntly  in  varionfl 
pariM    of  llie    body.     Siiiec    lliey    contain     nerve-cells,   their 
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nature  and  function  are  easentiiilly  tliose  of  nervous  centres. 
Some  of  them  belong  to  the  cerebro-spinal  system  of  nerves 
— e.  g.,  most  of  the  gaiigliu  conaectt'il  witli  the  cerebral  nerves 
un<l  those  on  the  ]K)sterior  roots  of  tlic  spinal  nerves ;  others 
pertain  to  the  sym|iathetic  svstem,  as  the  lateral  and  anterior 
spinal  and  the  visceral  ganglia. 

Typical  sanclia  are  enveloped  in  a  fibrous  capsule  continu- 
ous with  the  epinenriura  of  the  tributary  nerves.  The  nerve- 
oelb  in  the  ganglia  are  a^regated  in  elongated  or  rounilwl 
clusters,  sejtarateti  by  bundleg  of  (medullated  or  non-medul- 
lated)  nerve-fibres.  Earh  nerve-cell  is  surrounded  by  a 
membranous  nucleated  capsule,  composed  of  connective-tissue 
celts,  continuous  with  the  neurilemma  of  the  issuing  nerve- 
fibre. 

The  ganglia  of  the  posterior  roots  of  the  spinal  nerves  con- 
sist of  niodollatcd  fibres  and  large  globular  encapsulated 
nerve-cells,  uuckate<l  and  nuclenlated.  In  man  these  nerve- 
cells  when  mature  possess  a  single  process  which  at  a  short 
distance  from  the  cell  divides  like  a  T  into  two  branches 
going  in  contrary  ciirections ;  these  cells  are  practically  bipolar, 
as  they  actually  are  morphologically  in  some  animals  and 
the  human  embryo. 

The  sympatbetic  ganglia  siniikrly  consist  of  nerve-fibres 
(non-medullated  and  medullated)  and  nerve-cells.  The  latter 
are  encapsulated,  multipolar,  of^en  pigmented,  occasionally  in 
man  (regularly  in  some  animals)  possessing  two  nuclei.  Many 
of  the  sympathetic  ganglia  are  very  minute,  inibediled  in  the 
substance  of  the  viscera,  as  tiie  heart  and  the  intestines. 


The  Nerves. 

The  nerves,  or  nerre-trttnks,  consist  of  bundles  of  nerve-fibres 
bound  together  by  sustentacular  connective  tissue. 

The  rcn-bro-gpimtl  imtm  consist  mainly  of  medullated 
fibres ;  the  sifmjmthetic  neri-e)*  chiefly  of  non-mednllated  fibres. 

The  arrangenieiit  of  nerves  (especially  the  cerebro-spinal) 
corresponds  to  that  of  voluntary  muscle.  The  individual 
fibres  are  groupefl  in  bundles  or  "  funiculi " ;  and  these  again 
into  the  entire  nerve-trunks  (except  in  small  nerves  consisting 
of  single  funiculi).     The  entire  nerve  is  enveloped  in  a  con- 
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ncctive-tissuf!  sljcatli,  called  the  epineurivm.  The  separate 
funiculi  an-  surniuiided  hy  Kiniilar  tihruiis  i^lu^tlift,  the 
perineurium,  <:<intiiiuou8   with  the  epintiuriuiii.     Witbia   the 


funiculi  is  a  itelicate  oonnci^tive  tissuv,  the  entltrnfurium. 


I»eue- 


trating  amoufT  the  individual  nerve-fibres. 

The  larger  liltKxi  and  lymphatic  vesecls  are  eituatiHl  in  the 
perineurium  jiiiil  st-nd  wipilh  a  the  eiidonennum.     In 

the  small  terminal  nervt'K  tliL  ^  .  :ial  ravcritig  i-oiihisIs  uf 
a  layer  of  HiHH'nud  connective-  ic  or  aidulhclioid  (HjIIs, 
called  the  "sheatli  of  Heulc." 


Nerve-termi    lis. 

Theaxis-cylindorsof  norve-fibres  at  their  distal  terrainationa 
lose  their  coverings  aud  divide  iato  fine  termiuat  fibrtU,  or 
"  teleneniites."  Some  of  these  tvntuimls  are  situated  in  the 
gray  matter  of  llie  nerve-ceutres,  and  are  distributed  ii 
manner  anatogons  lo  the  dondntei:;;  others  are  diKtributcd 
throughout  the  ti^^sues  of  the  iH>dy  l^^Mtmatic  terminals),  and 
are  often  associated  with  s|KHual  stnictures  exhibiting  great 
diversity  and  )«[iecializiition  of  fuuction  and  form ;  eonie  of 
them  being  highly  devetojied  and  eomplis  oi^aiis, such  as  the 
eye  and  ear. 

From  a  /anctii>mil  stamtjioinf  these  somatic  teminals  can 
be  divideil  into  two  classes,  atlerent  and  effervnt. 

The  afferent  iiern-ttTiniiiaU  liave  sensorv'  functiooB  4)h] 
initiate  nerve-impulses  which  travel  along  the  fibres  to  the 
nerve-cells. 

The  effi-ent  tenninah  receive  impulses  (motor,  secretory, 
trophic,  etc.)  from  the  nerve-cells  aud  impart  them  to  the 
organs  with  «liieh  they  are  aw*»H'iateil. 

In  general,  the  function  of  the  somatic  terminals  is  con- 
nected with  the  transformation  of  other  forms  of  emrgy  into 
the  particular  mi>ile  of  molecular  enetyy  which  cqpstitates 
nervous  fon-e  ;  and  with  the  retmnsformation  of  the  latter  into 
ordinary  niotles  of  motion. 

Classes  of  nerve-terminals:  Oidy  the  nerve-endings  found 
in  man  are  here  considcn-il  ;  other  terminals  of  similar  gat- 
eral  type  occur  in  other  animals. 

The  first  divL^on  of  teleiieurites  is  into  thoee  situated  .id 
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the  nerve-centres  (wliicli  du  not  lipre  require  further  consider- 

ation),  and  tliosc  situated  outside  t!ie  ncrvc-eenti-es  (somnlic). 

Tlic  aomatic  nerre-tenninAls  uf  nmii  iuliv  Ite  classilie<l  llius  : 


tjn-na.- 


Tern; 


inal  fibrils; 
■eiid-l-lutesofvoluni 


Terminal  Hbnis;  "^ 

Tactile  cells; 

Tactile  corpuscles  iif  Wnj^nor  (or  Meitsner) ;  i-  Tiiucli,  etc. 

En(i-bull»s  of  Kraii!^ ; 

Otrpiisclea  of  Pacini  (or  Vater) ;  J 

Taste-terminals; 

Olfaclorv  terniinaU; 

Eye ;      " 

l-^r. 

Tenninal  flInilB  constitute  the  simplest  form  of  nerve-end- 
ings, and  are  witlely  distributed,  penetrating  among  the  cells 
of  tlie  tissues  involved  (Fig.  85).  They  are  continuations  of 
the  ax  is- cylinders  of  the  ncrve-fii>res,  which  lose  their  «JVer- 
ings  and  break  tip  inUi  fine  naked  terminal  (ibrils.  They 
oAen  exhibit  bullHius  enlargements  at  intervals,  ami  end  in 
bulbs  or  points.  They  divide  and  branch,  and  in  some  pluoes 
anastomose  to  form  plexuses.  They  arc  either  efi'erent  or  af- 
ferent. 

The  chief  examph-s  of  efferent  fibrillar  nerTe-Andings  are 
found  in  involuntary  muscle,  the  hi-art,  and  secretory  glands. 

Non-drintnl  wuM-li-  (as  in  the  intestine  and  arteries)  is  usn- 
alty  associated  with  plexuses  (^"lelimes  gangliati-d)  of  non- 
mecliillated  fibres,  delicate  fibrils  from  which  inm-rvate  (he 
muscle-cells. 

The  hfarl-nuude  is  similarly  innervated. 

In  many  f/fatulu,  as  the  salivary,  delicate  plexuses  surround 
the  acini  and  proliably  send  fibrils  (apiKiivntly  efferent  and 
stimulant  to  secretion}  among  the  individuid  epithelinm-«x>ll8. 

Afferent  (Miisory)  tenninal  fibrils  ueeiir  in  Uie  epidermis, 


mucous  membranes,  \'oiiintarv  luusck',  a 
other  situations. 

In  the  epklaiaii  tibrils<  enter  frijm  the  wirium  and  are  dis- 
tributed among  the  cells  of  the  Maliiighian  hiyer.  Similar 
endiugs  have  heen  fuiind  iu  theejiithelium  nf  the  wiiMWftgjrtem- 


brane  of  the  mouth,  and  occur  in  mucous  membranes  else- 
where. 

The  fornea  contains  delicate  terminal  plexuses  sending 
fibrils  into  the  overlying  conjunctival  epithelium. 

In  volurdary  mwicl^s  fine  terminal  nerve-fibrils  of  sensory 
nature  have  been  demun^t^atetl. 

Motor  end-plates  of  Toltmtary  muscle  (Fig.  86) :  The  motor 
innervation  of  striated  muscle  i:^  derived  through  "end-plates," 
which  are  terminals  of  nie<Iullaled  nerve-fibres. 

The  end-plate,  of  which  each  muscle-cell  |)ossesHes  one,  ex- 
ceptionally more,  is  closely  attached  to  the  surface  of  the 
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Diuacle-iibre,  in  intimate  relation  with  the  luui^le-protoplasni ; 
whether  it  lies  underneath  or  external  to  the  sarcolemnia  is 
uiiKcttlod.  The  end-plates  are  flatteu<.>d  and  elliptieal  in  furni, 
and  are  made  up  of  terminal  branches  of  the  axis-cylinder 
supiHirteil  by  a  protoplasmic  plate  or  "sole,"  The  tioie  is  a 
mags  of  granular  protoplasm  conlaining:  a  number  of  nuclei, 
and  forms  a  bed  or  basis  for  the  terminal  nerve-branches. 

The  nerve-fibre  cononrned,  on  reaching  the  end-plate,  loses 
its  medullary  sheath,  and  its  axis-cylinder  divides  into  branches, 
enlarged  and  club-shaped,  which 


way  over  the  end-plate,  i 


ify  in  an  arlwrescent 
ipported  on  or  imbedded  in  the  sole. 


Tactile  cells  i>«nir  scattered  about  in  the  ii>wcr  iKirl  of  the 
Malpighian  layer  of  the  epiilermin,  and  have  a  tactile  function. 
Each  of  them  consists  of  an  oval  nucleated  cell  with  its  lower 
surface  resting  in  a  meniscus,  a  concavo-c-on  vex  or  saucer-shaped 
expansion  of  the  end  of  a  terminal  nerve-tibril.  Terminals  of 
this  type  are  sfmieiimes  called  "simple  tactile  cells,"  in  con- 
tradistinction to  "  comi)ound  tactile  cells"  (corpuscles  of 
Merkel  and  of  Grandry),  not  found  in  man,  in  which  two 
or  more  cells  arc  tt^ther  aasocinled  with  terminal  nerve- 
platea. 

The  rvltn  of  iMnt/frhinx,  stellate  cells  occnsinnnlly  found  in 
the  epidermis,  are  by  some  regarded  as  nerve-terminal  cells, 
by  others  as  wnniloring  Icnk'wytes, 

Tactile  corpuscles  of  Wagner  for  .VnWicr) :  These  are  elli])ti- 
cal  stnit'tiires  ^itiialed  in  some  of  the  papillie  of  the  corium  of 
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the  skin  (Fig.  87).  They  are  associatoi  with  thp  senw  of 
toii'jh,  an(^  are  nmst  niimennia  in  tlie  liands  and  feet,  where 
the  tactile  eeiiee  is  delicate.  The  details  of  tlieir  struclurr  are 
obBt'ure.  They  are  elimgnted,  elliptical  litidics,  lying  in  the 
axis  of  the  papillie,  and  exhibit  transverse  or  epirul  markings. 
At  their  lower  extremity  they  are  joined  bya  mednltatod  nerve- 
fibre  (or  sometime.'*  more  than  one),  the  axis-cylinder  of  which, 
losing  its  coverings,  enters  the  corpuscle,  within  which  it  winds 


abont  and  sends  oflP  lateral  branches.  Some  authorities  regard 
these  corpnscle.s  as  aggregalionfl  of  transverse  flat  tactile  cells, 
others  consider  them  ciinnective-ti.<siic  stniclnrea  with  trans- 
ver.se  septa. 

End-bulbs  or  tactile  corpuscles  of  Krause  (Fig.  ^H):  These 
are  sniidl  spherical  striutiircs  in  which  nicdidlatcd  fibres  ter- 
minate, and  pertain  to  the  sense  of  tonch.  They  occur  in  the 
conjunctiva  and  adjacent  portion  of  the  cornea,  in  the  corium 
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of  the  glans  penis  and  clitoris  (nenilal  corpuscles),  in  the 
vicinity  of  joints  (articular  corpuscles),  and  liave  l>een  found 
in  mucous  membranes  in  other  situations,  us  the  lips,  mouth, 
colon.  They  are  enveloped  in  a  delicate  fibrous  capsule  con- 
taining nncleate<]  endothelioid  cells.  Within  the  capsule  is  a 
core,  of  uncertain  nature,  In  which  the  axis-cylinder  of  the 
trihntiiry  nerve  filtre  forms  an  intricate  convolution  or  divides 
int"  bnmches. 

Corpuscles  of  Pacini  {or  Vnter)  {Fig.  89) :  These  are  oval  or 

Fio.  89. 


ellipsoidal  structures,  of  tactile  functions,  two  or  three  milli- 
metres long  and  half  as  broad.  They  occur  in  the  subcuta- 
neous tissue  (especially  of  the  palms  and  soles),  joints,  peri- 
osteum, peritoneum,  mesentery  (especially  near  the  solar 
plexus),  and  other  situations;  they  are  located  especially 
along  the  course  of  nerves.  They  consist  of  the  terminal  axis- 
cylinder,  surrounded  bv  a  cylindrical  core,  and  this  again 
enveloped  in  a  series  ol*  numerous  concentric  lamells  or  cap- 
sules containing  lymph.  The  axis-cylinder  pursues  a  straight 
course,  lying  in  the  long  axis  of  the  corpuscle;  sometimes  it 
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I'lirks  or  ii)  its  distal  extremity  niiiy  end  in  a.  biilb  or  divide 
iiitd  tiliriU.  Tile  axis-cylinder  is  aurroimded  by  a  granular 
III-  |(eiliu|)s  multinm-leated  substance,  wbich  forms  a  cyliiidri- 
I   L'iil  core  iir  "inner  bulb." 

Tlie  liulk  of  tlic  IV-iniaii  corpuscle  is  cliietly  made  up  of  a 
■ioH  of"  twenty-five  to  fiCty  ci)ncentric  lamellve,  wbicli  ('nvelt>p 
'  core.      Ka<^li    lamella  cuD»ists  of  a  delicate  conncctive- 
I   tissue  membrane  line<l  by  emiotbelioid   cells,  the  nuelei  of 
1  ajipi'ar  jn-oniinently  in  sections.     TLe  lamellie  are  de- 
,   partly   at  least,  from    tbe    perineurial   sbeatbs  of  the 
iiijr  iK'ivL-filire,  and  they  are  separated  by  lymph-spaces 
I    lilU-d  with  scrum. 

Taste -terminals :    The   tast^^tcrminals  are  associated  with 
poiiulizc'd  neuro-epithelial  structures  in  the  tongue,  the  "liiste- 
I  liii'l.-;"  which  arc  dL'Scriljed  at  ]>age  119.     The  nerves  of  taste 
1  icniiiiiiil  librils  which  are  distribiileil  tbnmgli  the  epithe- 
lial lining;  III'  I  111'  iiiiii'ous  membrane  in  the  vicinity  of  the  taste- 
I   liiiil-;  >o]iic  <ii'  ihc  fibrils  lintragemma!)  niniify  thrmiph  the 
aslc-biLil- ;  ntlicr,- [iiilfip-niriinl)are  (iii^triliulcd  lictwccii  lliein. 
Olfactory  terminals :  'I'lic  olfinctiiry  nervo-tcniiiiiuls  coiiwist 
ic  tcrijiiriiil   lihril-  tli-lribiiti'd  in  the  mtieotis  membrane 
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THE  SCLEROTIC. 


The  sclerotic  is  the  outermost  tunic  of  the  eye.  It»  anterior 
portion  is  modilied  to  form  the  cornea.  It  is  a  thick,  dense 
itapsule,  uiade  up  of  laininte  of  white  fibres,  between  which  are 


HarlioiiUliprlFon  IhniDith  vyp  (Alli'D) 

flftttene<!   etellate  connective-tissue   cells   and   a   few  elastic 
fibrcft.     Its  vast'ular  supply  is  sointy,  but  the  communicating 
pericellular  spaces  form  a  network  of  lymph-jiaseages. 
li-Hiil. 
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ehoroideo,  similar  tu  tiie  lamina  ivtsva  of  the  sclerotic,  from 
whicli  it  is  Rf^wratcd  by  lympli-sjiaoes.  Next  Ui  tlii«  layer  is 
tlie  main  stroDia  of  the  choroid,  or  rtuicular  ttiypr,  wliich  coii- 
sisti*  of  an  abundauce  of  lymjihatius  and  large  bloodvessels 
iml>edde(]  in  tibro-elastic  tisane  containing  numerous  pig- 
■nted  stellate  connective  tissne  cells. 


telerutir:  h,  U.. 
clliarf*  Bad  irtc 
otefUaiT  ihuutIi 
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ot  conJniiotlrs ;  B.  tiinlc*_propr[«  of  fonjiinrtivn;  C, 
new  mod  suprtchoroldea :  K ''■•^hnmld  ^  n,  nam  reliiue 
r.oornea:  lAtit:  AT.  JT,  ndlal  mnd  incHdlunnl  ponionm 
rcular  poTtliin  of  clllkry  miucle:  JV.  llniDciiLuin  pcFllns- 
■uHi^  u.  luBiiKu  "■  Biiierior  enambcr:  l.Bnt«riiir  alMtlc  UdiIiik  of  ccrnis:  2, 
poiterlnr  elutlo  Umliu  and  endothelial  layer  tit  cornea :  3.  apacei  of  Fonlaiu ; 
(.canal  of  Behhimm ;  a.  S.  Tevcli  tribularr  to  canal  of  Bchlenim  :  T,  R.  9.  flbroU5 
bnndlcs  of  >rlf  Ritle  cal  iraniTenelT:  ID,  origin  of  meridional  cUlarr  miucle : 
ll,12,bloodrraaet>. 

Next  within  tins  is  the  thin  ehoriocapillary  fut/er,  a  dense 
capillary  network.  Next  to  this  is  a  thin,  hyitline  homo- 
freneoiis  ritreoun  tat/er  (lamina  ha.talis,  membrane  of  Brurh), 
the  innermost  layer  of  the  choroid  and  separating  it  from  the 
retina. 
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2'28  THE  XERVOUS  SYSTE^r 

The  ciliiuy  body  in  a  thickening  of  the  choroid  anteriorly, 
at  its  junction  with  the  cornea,  sclerotic,  and  iris.  Its  sub- 
stance is  similar  tii  that  of  the  chondral  stroma,  consisting  of 
vessels  imliedded  in  connective  tissue ;  the  choriocapillary 
layer  is  wanting,  the  rapillaries  being  more  generally  dis- 
tributed. 

Its  posterior  surface  is  thrown  up  into  radiating  processes, 
the  ciliary  proceitges,  increasing  in  height  toward  the  iris,  at 
the  periphery  of  which  they  abruptly  terminate.  The  vitreous 
mcmhranr  is  continued  over  the  surfaL-e  of  these  proceeees. 

Ujjon  the  piisferior  or  inner  surface  of  this  membrane  resta 
a  layer  of  pigmented  epithelium,  and  then  a  single  layer  of 
eoluninar  epithelium ;  these  two  layers  are  an  anterior  con- 
tinuation of  tlie  retina  [pars  cUtnris  retime). 

In  the  subHtance  of  the  ciliarj'  body  is  the  cilifiry  mvsde^ 
fasciculi  of  involuntary  muscle  arising  near  the  corneo- 
ei'lerotic  jnnctiou  and  extending  thence  radially  or  meridion- 
ally  outward  and  backward,  together  with  some  circular 
fasciculi. 

The  ciliary  body  at  the  margin  of  the  iris  is  united  to  the 
corneo-sclerotic  junction  by  fibrous  processes,  the  Ugamentum 
pectinatum,  the  interstices  of  which  form  the  lymjili-npaees  of 
Fanlana. 

The  iris  is  attaeJied  by  its  peripheral  margin  to  the  ciliary 
body  at  the  corneo-sclerotic  junction.  It  consists  of  six  layers: 
from  before  backward,  endothelium,  anterior  boundary  layer, 
stroma,  posterior  boundary  layer,  pigment-layer,  and  limit- 
ing membrane. 

The  mdothrUvm  covering  the  anterior  surface  of  the  iris  is 
continuous  with  that  on  the  posterior  surface  of  tlie  cornea. 

The  anterior  and  posterior  boundary  layers  and  stroma  of 
the  iris  are  continuations  of  choroidal  tissue. 

The  antrriin-  bmmdary  layer  is  a  loose  connective  tissue 
contaiuing  lymphoid  cells;  it  merges  into  the  stroma. 

The  dromn  or  main  portion  of  the  iris  consists  chiefly  of 
radiating  bloodvessels  and  itircular  and  radiating  fasciculi  of 
involuntary  muscle  imbeddwl  in  connective  tissue.  The  con- 
nective-tissue cells  of  llir  stroma  nnd  nnterior  boundary  layer 
contain  pigment  in  varying  iinmunt,  to  which  the  color  of 
the  iris  is  partly  due. 
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The  posterior  boundari/  latfer  is  a  thin  liyaline  layer  corre- 
Bpomtiiig  to  the  vitreous  layer  of  tlio  choroid. 

Tiie  pignu-nt-/<tifrr  is  a  cotilitiuation  of  the  rotina  (pars 
iridiea  retiiiEe),  anii  uoninitttH  of  densely  pigmented  epithehum- 
cells,  fusiform  anteriorly,  poly|^)iial  iwjBteriorly. 

The  mcmhrann  limttmis  iridic  \»  :i  ck-Ueate  ciilieiilur  mem- 
brane povering  the  pigment -liiyL-r  imstcriorty. 

Till'  aqueous  bumor  ctmsi^t.s  iif  ]viii|'li,  (imtaining  a  few 
leiiki>i'yies  ;  it  ocoupie.s  the  anterior  chamber  "f  tlie  eye,  which 
is  c-isenlially  a  largt!  lymph -.Hiwii'f  cuLiiinniiii'jiting  with  the 
ocular  lymphatics  and  is  lined  with  endothelium,  the  same 
layer  which  covers  the  posterior  surface  of  the  cornea  and 
anterior  surface  of  the  iris. 

The  crystalline  lens  consists  of  a  mass  of  epitlielioid  lens- 
fibres  covered  by  a  layer  of  epithelium  anteriorly  ;  the  whole 
enveloped  in  a  capsule. 

The  anterior  epUkdium  is  a  single  layer  of  low  culumoar 
cells  covering  the  anterior  surface  of  the  lens  beneath  the 
capsule. 

The  lenK-^rex,  composing  the  bulk  of  the  lens,  are  long 
curved  hexagonal  fibres  cemented  t<^ther,  arranged  wmie- 
what  conccntricallv  and  meridionally.  Oval  nuclei  are  pres- 
ent near  the  middle  of  the  fibres  at  the  equator  of  the  lens, 
and  in  all  the  fibres  when  young.  The  lens-fibres  are  greatly 
elongated  epithelium-cells,  derived  from  the  posterior  epithe- 
lium of  the  embryonic  lens.  At  the  e^natJ>r  of  the  lens  a 
transition  from  tlie  anterior  epithelium  into  the  posterior 
epithelial  fibres  is  observable. 

The  capmife  is  au  clastic  cuticular  membrane  enveloping 
the  lens. 

The  Bospensory  Ugiunent  (zone  of  /Inn,  zonula  citiaris)  en- 
circles and  supports  the  h'U:*,  Ixiirig  atliiclu'd  to  ihc  capsule  of 
the  latter  near  the  equator.  It  is  a  iibroiis  structure,  radially 
plicated ;  it  is  connected  posteriorly  with  the  hyaloid  mem- 
brane of  the  vitreous  body,  and  with  the  ciliary  lnMly  and 
processes,  so  that  contraction  of  the  ciliary  muscle  relaxes  it 
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frantive  power, 
layers,  anterior 
them,  called  the 


nits  the  elastic  lens  to  increase  in  convexity  and  re- 


At  its  union  with  the  lens  it  splits  into  two 
posterior,  with  a  Ivmph-apace  lietween 
iofPdit. 
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THE  HERVOUS  SYSTEM. 


Tlie  vitreous  body  fills  tfie  large  i-avity  of  tlie  eye.  It  con- 
sists ul'  ;i  .-alt  ^I'liitiiiuus  HiihstflDcc,  scattcnil  uboiit  in  wliieli 
arc  .-tcll;itv  cihiiiiL'tivL'-ti^ue  colls  und  ttcanty  fibrous  elements 
— :i  -nit  of  niin-niis  tissue.  It  is  surrutmdeu  by  a  liomogene* 
ijii^  iiKriiljiaiR',  the  hyaloid  membrane,  wliicli  si'iiarates  it  Irani 
iliL'  reliim  aiitl  lens. 

Tile  retina,  tliu  iiiner  tunic  of  the  eye,  lies  between  the 
(.'liiit'iiid  iiiiii  tlio  vitreous.  It  is  divisible  into  three  parts,  the 
iijitical, ciliary,  and  iridic  portions;  the  two  latter  being  rudi- 
ininlary  anterior  jiortions. 

The  pars  rdiiice  iridica  covers  the  posterior  surface  of  the 
iris,  anil  ciHisi.^ilH  of  densely  pigmented  epithelium-cells  covered 
liy  a  llrnitinf^  iticmbrune. 

Till'  jiiir^  n-liiKP  citiari«  covers  the  jwatorior  surface  of  the 
villary  bmlv  ami  pnwreeses,  and  coiiaiats  of  layers  of  pigmented 
anil  (-ojunuiar  i'|iii]iclium  and  ao  internal  limiting  membrane. 

A  short  disiani'e  behind  the  ciliary  IxMly  the  jmre  reiinoB 

ojitk'ii   or  main   t'liiiiilional    imrtion  ci    the  retina,  the   retina 

rn]HT,  begitir,  by  ;ni  abrupt  ibickciiinir  <n-  fold,  tlie  orti  nerrata. 

The  retina  proper  c.vliiliit-  t!ii'  iiiliimini:  layer 
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fibres  derived  and  radiating  from  the  optic  nerve  and  also 
connected  with  the  retinal   nerve-cells, 

The   g&nKlion-eell  lajrer  consists  cif  rather  scattered  large 
roiindt-d   nerve-cells  with  nunicroiis  limucheil  i)rocesses. 


DiafiamiiiUle  Mtition  of  huBUui  ntina  (ScbulIM). 


The  timer  reticular  (or  molconlar)  Uyer  is  o  liroad  non- 
iiu'lealed  zone  formed  by  a  delicate  fibrous  rcticidnm  derived 
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from  the  iieiirogliii-eleinent.1  and  the  processes  of  neigliljoriiig 
nerve-cells. 

The  inner  nuclear  (or  gnttiiilar)  layer  is  a  narrower  zone 
crowdeci  with  ncrve-eells  iiuviiig  iiromineiit  nuclei ;  the  nuclei 
of  Miiller's  fibres  arc  also  in  this  layer. 

The  enter  reticular  (or  molecular)  layer  is  a  narrow  reticu- 
him  of  neuroglia-libres  ami  uerve-<x;ll  |)roc*Hses. 

The  outer  nuclear  (orgraniilar)  layer  is  a  broad  zone  crowded 
with  the  nnclci  and  the  lower  portions  of  the  rod  and  cone  iiells. 

The  external  limiting  membrane  i^i  a  thin  perforated  mem- 
brane, through  the  o|tenings  of  which  [wiss  the  rod  and  cone 
cells. 

The  layer  of  rods  and  cones  is  cuiuposed  of  the  pi^rtions  of 
the  rod  and  cone  cells  external  to  the  limiting  membrane. 
The  rod  and  cone  cells  arc  elongated  neuro-epitnelinm  cells, 
arranged  perpendicularly,  divided  into  two  zones  by  the  limit- 
ing membrane,  their  nucleated  portions  occupying  the  outer 
nuclear  layer  :ind  their  terminal  portions  forming  the  layer  of 
rods  and  cones. 

The  portion  of  the  rod-vvnuU  cells  in  the  nuclear  layer  is  a 
slender  fibre,  the  "rod-fibre,"  with  a  bulbous  expansion  con- 
taining the  transversely  baudeil  nucleus.  The  portion  externa! 
to  the  limiting  mcmhmne,  or  "  rod,"  consists  of  two  st^ments, 
the  inner  one  continuous  with  the  rod-fibre  being  fusiform, 
and  granular  or  fibrillated  (especially  in  its  outer  part) ;  while 
the  outer  segment  is  a  slender  cylinder  containing  rhodopsin 
and  possessing  special  staining  properties. 

The  portion  oi  the  cone-visuat  ceUa  outside  of  the  limiting 
membrane,  or  the  "  cone,"  also  consists  of  two  segments,  an 
outer  part  similar  to  the  corresponding  portion  of  the  rods  ejc- 
cept  that  it  is  shorter,  conical,  and  contnins  no  rhodopsin ;  and 
an  inner  broad  fusiform  portion,  fibrillated  or  granular  exter- 
nally, The  portion  of  the  cone-cell  within  the  outer  nuclear 
zone  consists  of  a  slender  "cone-fibre"  with  an  expansion, 
containing  the  nucleus,  next  to  the  limiting  membrane  and 
uniting  with  the  fusiform  segment.  The  rod-cells  consider- 
ably oulnumber  the  cone-cells. 

The  pigment-layer  of  the  retina,  lying  next  to  the  vitreons 
membrane  of  the  choroid,  consisis  of  a  single  layer  of  hex- 
agonal columnar  epithelium-cells,  with  their  nuclei  next  to  the 
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chnroid,  and  their  inner  portions,  adjoining  and  I>etween  the 
ruds  and  concH,  studded  with  pigment-granules. 

In  the  macnla  Intea  the  nid?  arc  aKsent  and  some  of  the 
retinal  layers  are  thickened  and  pigmented  yellow.  At  the 
fovea  centralis  only  the  layer  of  cone-cells  is  present  in  full 
developmont,  the  layers  in  front  of  it — i.  c,  toward  the  centre 
of  the  glolK; — Iwing  greatly  thinned  and  nearly  abolished. 

The  eyelids  (upper)  are  covered  anteriorly  with  thin  ah'n, 
iK-neath  which  is  ai-eolar  nubcutant-ous  tissue  containing  little 
or  no  fatty  tissue.  Next  to  this  is  a  layer  of  ^rioted  muscle, 
the  orbicularis  palpebrarum.  Posterior  to  this  is  a  none  of 
loose  oonncoti%'e  tissue,  the /<MC(0/>a/pAra/w,  into  which  the 
insertion  of  the  levator  palpebral  mei^cs.  Posterior  to  this 
and  next  to  the  conjunctiva  is  a  dense  fibrous  plate,  the 
lai-sus,  in  which  are  imbedded  a  number  of  mwlified  seba- 
ceous glands,  the  Meibomian  f/lands,  each  consisting  of  an 
elongated  series  of  follicles  opening  into  a  duet  which  dis- 
charges at  the  margin  of  the  lid. 

In  the  up|>er  part  of  the  tarsal  plate,  es]KM'ially  toward  the 
nofio,  are  small  accessory  lachrymal  glands.  The  jKisterior 
surface  of  the  lid  is  covered  hy  conjundini,  composed  of 
stratified  columnar  epithelium  on  a  tunica  propria,  which  lies 
next  tu  tlic  tarsus. 

At  the  margin  of  the  lid  is  a  row  of  stiff  hairs,  the  q/e- 
la)Jies,  the  follicles  of  which  »<;]Hirate  the  margin  of  the 
orbicularis  iiali)ehrarum  from  the  main  portion  of  the  muscle ; 
behind  the  lashes  are  modified  sweal-gliinds  (Moll's  glands); 
and  still  farther  jiosleriorly  arc  the  openings  of  the  Meibomian 
glands. 

The  lachiymal  gland  is  a  racemose  gland  of  the  serous  type, 
the  saccules  of  which  empty  into  a  nunilwr  of  independent 
and  sepanite  outlet-ducts.  The  larhrifmai  canah  an-  tubes 
lined  with  nnicons  membrane  connecting  the  conjunctivie  witli 
the  nasal  foss(e. 

The  Ear. 

The  ear  is  a  complicated  structure  associated  with  the  term- 
ination of  the  norvfs  of  hearing,  and  with  the  sen.se  of 
position.     It  is  divided  into  the  external,  middle,  and  internal 
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htin.  tlM-ir 
6(3(1  f<.^nD  '.'f  ^ 

Tbe  ioiKT    IxvT  I  punioa  of  ike  i 
lined  witii  thin  sikin  ooBUBdap  bo  ^am^  or  hair. 

The  MiMIr  wax  <or  »m—» t  is  a  caTin-  filled  «iA  nr, 
ewninUDicariii^  with  die  En<taehiaB  vxiat  anlwiwlf  amA  the 
DM^tMitl  MDUses  poitefiaflr.  and  oosed  hr  a  chua  of  awirfei 
vonoectio?  the  irmpanic  mn^mae  vith  ibr  fijMJlia  ma&s. 

\U  yralU  are  f(>rTDed  Iir  bone,  the  trnpaiur  nemlmiie,  and 
the  BeeumUn-  ivnipuio  metubnne,  all  lioeJ  with  muooiis 
,  membrane. 

The  muH/Ht  mrml/raw:  i?  thin  am]  cl'>*ly  oiniwrted  with 
the  underlying  {periorieuni :  it  is  i^fleoieii  ovt-r  itie  surface  of 
the  *r^v:\i!T-  and  maiitoiil  -iinuK-i  and  is  tx-ntinm^us  with  the 
mucoiiH  lining  nf  the  Eu^tarhian  tube.  Its  superfirial  layer 
conifiKtK  of  I'lM'  columnar  e|tii helium,  in  places  ciliated,  in 
other  itlacert  ncn-ciliated.  Anteriorly  are  i^-attered  tubular 
glamltj. 

The  (ym/*7mV  memtfrnne  is  made  np  of  an  intennediate 
fihrouM  lamina  covered  externally  with  skin  and  internally 
with  a  txirtion  of  the  miioKia  lining  the  middle  ear;  the  sur- 
face epithelium- celli)  of  (he  latter  are  low  and  non-cilialed. 

The  nerrm'litry  fifmpoiw  membrane  closes  the  fenestra 
rotunda,  ami  ctmsiiits  of  an  intemmlittte  (ihrons  lamina, 
oovere<l  (;xt«-nially  with  mucous  membrane  (having  non-ciliatecl 
low  cititlii'liiimj  continuous  with  the  mucosa  of  the  middle  car, 
and  iiileriiaily  with  endothelium  and  sul>endothelial  tissue 
HHiliiiiioiiH  with  that  lining  the  internal  car. 

The  Etutachian  tube  \r  an  o|>en  canal  connooting  the  middle 
rar  with  the  pharynx.  Its  walls  arc  fomie<l  of  l>one,  cartilage 
(jwrlly  liynline,  jHtrtly  elastic),  and  fitiroii-;  tissue,  lined  with 
niui'oiiH  nietiibnine  continuous  with  that  of  both  the  middle 
ear  and  phiirynx.  The  surfucc  cells  of  this  mucosa  are  strati- 
llcd  ciliulwl  cpitlieliiini.     In  its  upper  portion  the  i 
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lining  i»  thin  ;  in  the  lower  or  phan'ngc?^!  jmrtton  it  is  thicker, 
underlaid  with  ureotiir  ^nbiiiticous  tissue,  and  (K>ntuiiis  mucous 
glands  und  lymphoid  tissue. 

The  internal  ear  (or  lahyrinth)  contains  the  ti^Tioinal  appa- 
ratus of  the  audit<^>ry  nerve,  and  occupies  a  t<trtuou8  bony 
cavity  (the  "  bony  labyrinth")  in  the  temporal  bone. 

The  boni/  labyrinth  has  three  divisions — the  cochlea,  semi- 
circular canals,  and  vestibule,  the  latter  connerting  the  two 
otliers. 

Within  the  honv  labyrinth  is  a  membranous  sac,  the  "  nwm- 
branoux  Inburinth,  containing  "endolymph"  and  correspond- 
ing in  general  to  the  windings  of  the  bony  labyrinth. 

The  membranous  labyrinth  is  separated  from  the  bony 
walls  in  most  places  by  a  poripheraj  lyraph-spaee,  lined  with 
endothelium  and  filled  with  "perilymph." 

The  bony  labyrinth  is  lined  with  periodleum,  covered  in 
general  with  endothelium. 

The  membranous  labyrinth  consists  of  the  utricle  and 
saccule,  situated  in  the  vestibule,  the  membranous  semicircular 
canals,  and  the  scala  media  of  the  cochlea. 

The  ncuro-epithelial  terminals  of  the  auditorj-  nerve  are 
situated  on  the  inner  surface  of  tlie  membranous  labyrinth, 
and  consist  of  the  mtieu//c  acTxthxc  of  the  utricle  and  saccule, 
the  erinlte  acnidictr  of  the  ampullar  of  the  semicircular  canals, 
and  the  organ  of  (.brti. 

The  vestibale  is  a  bony  chamber  connecting  the  semicircular 
eanals  with  the  cochlea.  It  contains  the  utricle  and  saccule, 
which  are  separated  from  the  bony  walls  by  the  perilymph- 
spacc.  This  space  is  in  relation  with  the  middle  ear  by  the 
fenestra  ovalis,  which  is  closed  by  the  base  of  the  stapes. 

The  ntriclfl  and  saccule  are  rounded  niembranous  sacs,  com- 
municating with  each  other  by  a  small  indirect  canal,  the 
"ductu.-J  endolymphaticufi."  Their  walls  arc  formed  by  a 
fibnms  mcmbriine  lined  internally  with  simple  squamous  epi- 
thelium, altered  to  columnar  in  the  maculte  acusticee  ;  exter- 
nally they  are  eoverol  with  endothelium.  They  are  connected 
with  the  periosteum  of  the  bony  walla  by  fibrous  bands,  which 
cross  the  peri  lymph-space  and  convey  vessels  and  nerves. 
The  utricle  opens  into  the  semicircular  canals;  the  saccule 
communicates  through  the  small  "canalis  reuniens"  with  the 
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scala  media,  or  cochlear  jtordun  of  tlic  membnLDuus  laby- 
rinth. 

The  utricle  and  saccule  each  possesses  on  its  inner  surface 
a  neuroepithelial  terminal,  called  the  m<icu,la  acudica. 

The  macula  is  an  area  covered  with  columnar  epithelium- 
cells  of  two  kinds :  (a)  "  sustentacula  r"  or  "  fibre-cells,"  long, 
slender c«ll8,  between  which  are  flitualed  (6)  "hair-cells,"  pyn- 
form  cells  with  filamentary  procesdos  or  cilia  pnijecting  from 
their  free  ends.  Terminal  nerve-fibrils  fmm  the  auditory 
nerve  are  in  relation  with  the  bases  and  sides  of  the  hair-uells. 
The  surface  of  the  macula  i^  covered  with  a  matrix  or  layer 
omtaining  minute  calcium-carbonate  crystals,  ur  "otoliths." 

The  semlciicnlar  canals,  opening  from  the  utricle,  are  mem- 
branous tubes  formed  of  a  fibrous  membrane  lined  internally 
by  simple  squamous  epithelium  (except  over  the  cristw)  and 
externally  with  endothelium,  and  lieparated  from  the  bony 
walls  by  the  pcrilymph-apacc.  Each  membranous  uanal  lias 
an  enlargement  or  ampuUfi  at  one  of  its  junctions  with  the 
utricle,  and  on  the  inner  surface  of  eacli  of  the  three  ampulla: 
is  situated  a  neuro-cpithelial  structure  called  Ihc  erisla  aciutticn. 

These  cristcp  are  ridges  covered  with  columnar  epithelium- 
cells  of  two  kinds,  similar  to  those  of  the  maculfe  acusticro : 
(a)  " sustentacniar"  or  "fibre-cells,"  long,  slender  columnar 
cells,  between  which  are  (6) "  hair-cells,"  shorter  cells  with 
long  hairs  or  cilia  projecting  from  their  free  ends  info  the 
ampullte.  Nerve-fibrils  terminate  among  the  hair-cells.  There 
is  no  layer  of  otoliths  over  the  crista. 

The  cochlea  consists  of  three  passages,  the  scala  vestibuli, 
scjila  media,  and  scala  tympani,  wound  spirally  two  and  a 
half  turns  around  a  central  eolnnin  or  "  modiolus  "  (Fig.  93). 

The  scala  media  is  the  cochlear  portion  of  the  membranous 
labvrinth  ;  the  other  two  scalie  represent  the  peri  lymph-spaces. 

The  scala  vestibuli  and  scala  tympani  are  iimd  with  endo- 
thelium, and  are  separated  from  eacn  other  externally  by  the 
scala  n»edia  and  internally  by  the  "lamina  spiralis,"  a  spiral 
bony  ledge  projecting  from  the  modiolus. 

The  scala  vestibuli  is  the  uppermost  of  the  three  cochlear 
passages,  and  opens  below  into  the  perilymph-sjiace  of  the 
vestibule  ;  at  the  ajiex  of  the  coehJen  it  communicates  with 
the  scala  tympani.     The  lower  end  of  the  latter  is  blind,  bat 
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communicates  with  the  mieldle  car  ljy  tlie  fenestra  ruliinda, 
cloweil  liy  the  secondary  tym[>anic  membrane. 

The  8c&la  media  (canalis  or  ductus  eochlearis)  is  the  middle 
passage  of  the  cochlea ;  it  ends  blindly  almve,  and  eommimi- 
catea  below  with  the  saccule  bv  the  small  <'analis  reuniens. 

Flo.  93- 


,  urgan  of  Corti,  retting 


The  upper  wn/l  of  the  scala  media,  separating  it  from  the 
seala  vestibnli,  is  furmed  by  tlie  mem/jrane  of  Reii:ignfr,  a  very 
thin  fibrous  membrane  lined  on  the  vestibular  surface  witli 
endothelium,  and  on  the  surface  within  the  scala  media  with 
simple  sqnamoufi  epitlieliiim. 
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The  oukr  wail  of  the  scala  meilia  U  lined  wilh  a  single 
layer  of  epithcliuni-celld,  varying  from  yquamuuM  tu  columnar, 
wnich  rest  on  the  Uganumlum  gpirale,  a  fibrous  cushion  lying 
against  the  bony  walU  on  th(>  outer  side  of  the  cochlea;  a 
portion  of  thla  outer  wall  ("atria  vascularis")  is  very 
vascular. 

The_^or  or  lower  wall  of  the  scala  media  is  formed  by  the 
margin  or  limlms  of  the  lamina  spiralis,  the  basilar  inombrane, 
and  columnar  ami  nciiro-e|)ithelium  (the  organ  of  Oorii  i  rest- 
ing on  the  latter.  The  mai^n  of  the  bony  spiral  lamina  is 
thickened  by  the  developtneot  ou  its  apper  surface  of  a  masB 
of  fibrous  tissue,  the  whole  forming  the  litiAua. 

The  out«r  projecting  aspect  of  the  limbua  ia  boHoirad 
into  a  groove,  the  mlcua  itpiralis,  the  upper  lip  of  whioh 
is  called  the  labium  ve^iinUare,  the  lower  lip  the  uAhtm  tjim- 
panicum. 

The  labium  vestihulare  is  divided  by  clefts  into  fine  proc- 
esses calle<l  the  "  auditory  teeth." 

The  memhrana  basitaris  is  a  connective-tissue  lamina  ex- 
tending from  the  labium  tympauicum  of  the  linibus  across  to 
the  ligamentum  spiralc  on  the  outer  wall,  shutting  off  the 
Bcala  media  from  the  scala  tympani ',  it  is  Itncd  underneath 
(within  the  scala  tympani)  with  endothelium,  while  its  upper 
surface  is  covei-ed  with  columnar  ei)ithelium  and  the  neuro- 
epithelium  constituting  the  organ  of  Corti, 

The  upper  swfaee  of  the  limbua  is  lined  with  simple  squam- 
ous epithelium  continuous  with  that  lining  the  membrane  of 
Be  issuer. 

The  siifciis  ttpiralls  is  lined  with  a  layer  of  columnar  epithe- 
lium-cells, which  extend  to  the  inner  hair-cells  or  inner  margia 
of  the  organ  of  Corti. 

The  organ  of  Corti  (Fig,  94):  These  inner  kair-cdla 
comprise  a  single  row  of  columnar  epithelium-cellB,  with  a 
number  of  fil.iments  or  hairs  jinyrcting  from  their  free  ends ; 
they  are  adj;irent  to  anil  on  the  inner  side  of  the  pillars  of 
Corti,  their  attached  ends  not  extending  to  the  basilar  mem- 
brane. 

The  pi/lin-x  or  ro<h  of  CoiH  are  two  rows  of  elongated 
epithelial  elomcnts,  the  lower  ends  of  which  rest  on  the  basilar 
membrane  some  distance  apart,  and  whose  upper  ends  are 
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articulated  together,  meeting  like  the  rafters  of  a  roof;  they 
inclose  a  lyniph-s])ace  or  passage,  the  "tunnel  of  Corti," 
which  follows  the  spiral  windings  of  the  cochk'a. 

These  pillar-celU,  inner  and  outer,  have  slender  shafts  of  a 
firm  snbHtance,  with  enlarged  extremities,  and  with  nuclei  and 
some  ordinnrj'  protoplasm  at  their  lower  ends. 

External  to  the  pillars  of  Corti  are  three  or  four  rows  of 
oitfer  liair-cc/ln,  columnar  epitlielium-eelb  with  iiairs  pnyecting 
from  their  exposed  ends.     They  extend  fn)m  the  upper  sur- 


face of  ilie  organ  of  Corti  only  about  half-way  to  the  basilar 
membrane. 

The  outer  Iiair-cells  iilternntc  with  and  arc  supported  by  the 
celU  nf  Deilrrx,  long  columnar  sustenlacular  epithelium-eel  Ik, 
somewhat  like  the  pillar-oelis,  and  with  their  bases  separatee] 
by  slight  intprvats,  tlio  "spaces  of  Nnel." 

The  upper  ends  of  the  pillar-cells  and  cells  of  Deiters 
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exhibit  a  cuticiilar  stnioture  (the  "membrana  reticulBria "), 
with  openings  for  the  ends  of  the  hair-celle. 

External  to  the  outer  halr-ccUs  ia  a  zone  of  long  cohim- 
nar  epithelium-cell^  (cella  oj  Henneii),  which  externally  be- 
come shorter  and  merge  into  a  sone  of  low  colnmnar  epi- 
thelium (cefh  o/  Cy      '■    '      '      ' 
part  of    the    iMisils 
the  squamous  epith 
media. 

Attachetl  to  the 
atnicturc.  the  mrmhi 
the  organ  of  Corti. 

Herve-flbiila  from  i 
terminate  among  ihi 
cochlear   nerve   lies 
laterally  into  the  lamina  spiralis, 
with    nerve-ceils  to   form 


3r  occupy  the  outermost 
d  are  continuoim  with 
outer  wall  of  the  eoala 

•e  of  the  limbus  is  a  soft 
3h  extends  outward  over 


(ch  of  liieaiidifoiT  nerve 
le  oi^n  of  Corti.  The 
.udiolus,  and  sends  branches 
here  they  are  assoeialcd 
■a/    f/anr/limi;    from    the 

ganglion  the  nerve-fibres  pass  out  into  the  oi^n   of  Corti 

at  the  labium  tympanicum. 
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PATHOLOGY. 


INTRODUCTORY. 


FatholoKT  (TzaHo^,  disease,  and  Wj-od  discourse)  is  the  science 
wliidi  treats  of  animal  and  vegetable  life  under  abnormal 
coiHlitions — 1.  e.,  the  science  of  disease.  It  is  that  branch 
of  mediciue  which  considers  abnormalities  of  structure  and 
function,  the  causes  thereof,  and  the  relation  of  these  changes 
to  the  clinical  aspects  of  disease  produced  thereby. 

Hnman  pathology  then  includes  (he  study  of  etiology  or  the 
causes  (if  (lis^'a^e :  nmrbid  anatomy — mat^roscopical  and  micro- 
Bcopicat ;  aud  niorliid  or  pathological  physiology.  With  these 
must  always  go  hand  in  hand  clinical  observation,  in  order 
that  a  tnie  conception  may  be  formed  of  disease-processes.  As 
our  knowle«lge  of  anatomy  is  more  advanced  than  that  of 
physiology,  80  our  knowledge  of  morbid  anatomy  is  more 
perfect  Uian  that  of  morbid  pliyaiolt^y. 

The  importance  of  this  branch  of  meilicine  cannot  be  over- 
estimated by  the  student ;  it  is  the  one  sure  basis  for  diag^ 
nosis,  prognosis,  and  rational  therapensis.  Some  of  the 
greatest  additions  to  nie<Iical  knowledge  have  been  made  by 
Uic  study  of  morbid  anatomy  in  conjunction  with  clinical 
observation.  Ajxtplexy  was  supposed  to  be  due  to  the  inter- 
ruption of  certain  imaginary  spirits  till  Wepfer  showed  cere- 
bral hemorrhage  lo  bt'  the  cause  in  a  large  numl>er  of  cases. 
In  this  manner  Bright  demonstrated  the  relation  between 
certain  altemtions  in  the  kidneys,  and  albuminuria  and  dropsy. 
Typhoid  and  typhus  fevers  were  r^arded  as  identical  until 
1836,  when  a  jx>!*t-mortem  study  of  the  lesions  present  proved 
the  contrary.  The  mc<lifeval  physician  rarely  cndeavore<I  to 
locale  the  seat  of  a  disease — certainly  not  l)cyoud  assigning 
it  to  one  of  the  larger  cavities  of  the  body,  i.  e.,  the  head, 
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chest,  or  abdomen.  la  fact,  but  little  was  added  to  tlie  teadt- 
ings  of  Hippocrates  (460  B.  c.)  and  Galen  (130-200  A.  D.) 
UDtil  about  1500,  when  the  first  poat-raortems  began  to  be 
made. 

During  the  Bixteenth  century  Vesalius,  Syh'iua,  and  their 
successors  laid  the  foundatJun  of  modem  medicine  by  the 
Bystematic  study  of  anatomy,  to  which  was  added  by  Harvey 
and  others  during  the  seventeeDtb  centaiy  such  eteentuu 
phyaoloffical  data  as  the  function  of  the  heart,  circulation  of 
blood,  and  the  mechanUm  of  respiration. 

Moi^gni  (1682-1771)  was  the  first  to  attempt  to  localiaa 
a  disease-process  in  a  particular  organ  and  vrote  the  first 
great  treatise  on  morbid  anatomy.  The  first  illustrated  work 
on  the  subJecTt  was  by  Baillie  (1 799),  who  drew  his  inspiratioD 
and  material  from  John  Hunter,  It  was  not  until  we  early 
part  of  this  century,  however,  that  there  was  a  real  beginnine 
in  its  study.  But  there  were  limitations  to  gross  morbid 
anatomy. 

Histol<^y  received  its  first  impulse  from  Bichat,  to  whom 
is  due  also  a  stop  in  advance  in  pathology  ;  he  ileclared  that 
the  ultimate  Fseat  of  a  disease  might  be  a  particular  tissue 
of  an  organ.  Though  tlie  microscope  had  been  employed 
in  the  seventeenth  century  by  Ijcuweenhoeck  and  Malpighi, 
it  was  Qs  recent  iis  1847  that  the  foundation  of  normal  nis- 
tolngy  was  laid  by  the  work  of  Schlciden  on  "Vegetable 
Pathology,"  and  later  of  Schwann  on  the  "  Comparison  of 
the  Cellular  Structure  of  Vegetables  and  Animals." 

Modem  or  cellular  patholoKT  dates  from  the  teachings  of 
Virchow  (1858),  to  whom  credit  U  due,  more  than  to  any- 
other  one  man,  for  elevating  the  study  of  disease  to  a  place 
in  the  science  of  l>i<ilog\-.  The  cellular  tlieorj-  of  life  led 
naturally  to  the  cellular  theory  of  disease.  A  eomjiarison  of 
the  lower  forms  of  animal  and- vegetable  life  with  the  cells 
of  higher  ones  convinced  Virchow  that  if  the  former  are  in- 
dividuals, the  latter  must  be  so  regarded  also.  For  the  axiom 
of  Harvey,  "  (imnr  vivnni  ox  ovo,"  he  substituted  the  dictum 
"Omnis  celliila  a  (vllula";  he  applied  the  histological  dis- 
coveries of  Si'lilcidcn  and  Schwann  to  pathology  and  showed 
that  the  essence  of  dis<'nse  is  the  altered  cell, — the  histolf^cal 
and  vital  unitof  all  organized  tia'jue, — and  called  attention  to 
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the  minute  chan^  which  it  iiiiOei^oes  \u  disease.  The  cellu- 
lar theory  has  done  for  pathology  what  the  atomic  theory  has 
for  chemii-try. 

Medical  knowledge  haa  been  advanced  more  in  recent 
years  by  experimental  pathologti  than  by  any  other  method  of 
investigation.  Though  Galen  is  said  to  have  used  living 
animak  for  pathohigical  experimentation,  the  foundation  of 
these  methods  and  the  revival  of  pathology  in  general  were 
due  to  John  Hunter  in  the  latter  juirt  of  the  last  eentury.  To 
bacteriology,  one  branch  of  experimental  pathology,  we  owe 
our  knowledge  of  the  microbic  cause  of  many  of  the  infec- 
tious disea'^es — the  germ-theory,  in  itit  practical  results  having 
almost  revolutionized  medicine  and  surgery  within  a  quarter 
of  a  century. 

Disease  in  a  deteriomtion  in  or  deviation  from  the  normal 
standard  called  heullh.  Proliably  all  deviations  of  function 
from  normal  are  dependent  on  some  alteration  in  structure; 
when  our  present  methods  fail  to  discover  such  anatomical 
changes  the  disease  is  said  to  \ye  Junctional,  in  contradistinction 
to  organie  disease,  in  which  such  alterations  can  l)e  demon- 
strale<i.  There  is  no  sharp  line  of  demarcation  between 
health  anil  disease,  the  one  passing  imperceptibly   into  the 

Heredi^  plays  a  most  important  part  in  the  causation  of 
disease  ;  it  is  not  unconmiou  to  see  reproduced  in  a  family  the 
same  infirmities  or  diallieaes  for  many  generations — and  the  ill 
rcsulbt  of  consanguineous  marriage  are  a  matter  of  common 
knowletlge. 

SnsceptibUltr  to  various  diseases  varies  greatly  in  different 
individuals— the  determining  factors  being  inherited  in  some 
caaei  and  acquired  in  others,  and  temporary  or  permanent  in 
their  duration.  The  susceptibility  of  children  of  tubercular 
parents  to  tulxTcuIosia  is  observed  with  great  frequency  ; 
without  such  inlierited  tendencies  however,  during  some  tem- 
porary impairment  of  health,  there  may  be  an  acquired 
Busceptibility  to  the  disease,  which,  for  instance,  is  es{>ecia11y 
common  after  measles  in  children — the  attack  either  preparing 
a  soil  particularly  inviting  to  the  tubercle  bacilli  or  n^ncing 
the  patient's  resisting  powers  to  such  an  extent  that  they  are 
not  able  to  cope  with  the  invasion  of  these  micro-organisms 
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successfully,  as  would  be  the  case  were  they  not  temporarily 
BO  reduced. 

The  Avell-kHowii  insuseeptUnlily  of  the  negro  to  yellow  fever 
and  malaria  are  examples  of  the  <!iim]tarative  immunilt/ 
which  a  race  may  enjoy  ;  and  among  the  liiwer  animals  the 
same  thing  is  noted  of  different  tipecies — for  instance,  the  frog 
is  immune  agaiust  infection  with  anthrax,  while  the  mouse, 
guinea-pig,  and  many  other  animals  are  extremely  susceptible. 

The  comparative  insusceptibility  of  an  individual  to  a 
second  attack  of  such  diseases  as  smallpox,  scarlet  fever,  and 
measles  is  an  example  of  acquired  immunity.  Such  immuni^ 
may  be  conferred  artificially,  as  is  witnessed  daily  in  the 
practice  of  vaccinating  against  smallpox. 

Equally  striking  is  the  varying  sus<^'eptibility  of  an  indi- 
vidual at  various  times  in  his  life  to  the  same  disease. 

Exciting  canaes  are  those  immediately  responsible  for  the 
onset  of  the  disease  ;  among  these  may  be  mentioned  trauma, 
exposure  to  heat  and  cold,  poisons,  and.  by  far  the  most 
important  of  all,  animal  and,  more  especially,  vegetable 
parasites — of  which  latter  bacteria  are  the  most  important. 

But  a  discussion  of  these  topics  would  lead  far  beyond  the 
limits  assigned  us  and  must  be  thus  dismissed.  The  study  of 
bacteriology  has  grown  within  a  few  years  to  large  propor- 
tions— and  volumes  have  been  written  concerning  animal 
parasites. 

Pathology,  or  patliological  anatomy,  with  which  the  following 
pages  aix!  more  especially  concerned,  may  be  divided  for  con- 
venience into  two  sections— one,  the  general  aspects  of  disease- 
processes  without  reference  to  any  individual  [mrt;  and  the 
other,  diseases  of  special  organs  and  systetiis. 
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PATHOLOGY  OF  THE  BLOOD  AND  CIRCULATION. 
INFLAMUATION. 

Infl&intnation  is  iiiKliiiil;t('<)ly  tlietiiost  important  and  most 
commwii  phenoDK-uon  in  i«ithologv.  It  h  convenient  to  con- 
sider it  tts  an  entity  ratlier  tluin  a  series  of  morbid  phenomena. 
No  anbicrt  in  medicine  is  more  deserving  the  student's  atten- 
tion. It  nndorlics  a  mujority  of  the  diseases  to  which  man  is 
heir.  In  all  ages  its  coni^iderntinn  lias  so  dominated  the  doc- 
trines and  medical  jihitusojihy  of  the  time  that  it  might  well 
he  suid  to  form  the  hasi-s  of  the  theory  and  practice  of  medi- 
cine and  surgery. 

The  term  "  infiummatiun  "  was  created  in  the  very  infancy 
of  science,  indicating  that  the  part  involved  seemed  to 
bum — to  be  inflamed.  The  cardinal  symptoms  which  are 
familiar  to  nil  to-<lay  were  described  two  thousand  years  ago 
by  Celsus — tumor,  rubor,  calor,  and  dolor.  The  interpretation 
of  these  symptoms  and  conception  of  the  underlying  processes 
varied  as  this  or  that  svmptom  was  considered  of  the  greatest 
importance.  Humoral  (ioctrines  perished  with  Harvey's 
disooverj-  of  the  circulation  of  the  blood,  the  advunces  made 
in  chemistry,  and  the  systematic  study  of  morbid  anatomy. 
Since  then  the  study  of  inflammatory  lesions  has  followed  step 
by  step  the  progress  in  the  biological  sciences. 

Deflsltion :  We  may  attempt  to  define  inflammation  as  the 
ensemble  of  the  degenerative  and  reactionary  phenomena  oc- 
curring in  living  tissues  as  the  result  of  mechanical,  infectious, 
and  toxic  injuries. 

Early  experiments:  John  Hunter,  a  century  ago,  was  the 
first  to  thn)w  ex|icrimental   light  upon  this  subject  of  in- 
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flammatioii.  He  froze  the  ear  of  a  rabbit  and  then  allowed  it 
to  thaw,  thii8  exciting  considerable  inflammation.  The  animal 
was  killed  when  the  process  was  at  its  liciglit,  tlie  bloodvea- 
sels  of  the  head  injec-ted,  and  the  cars  removix]  and  dried. 
The  uninHamed  ear  was  clear  and  transparent,  and  the  blocxl- 
vessels  easily  seen ;  tlie  intlamed  ear  was  thick  and  opaque, 
and  the  arteries  much  enlarged. 

A  few  years  later  very  oumerous  indeed  are  the  pajters  and 
monograpiis  describing  the  changes  in  the  size  of  the  blood- 
vessels in  an  inflamed  animal  membrane  studied  under  the 
microscope.  A  frog  was  restrained  in  a  muslin  bag  and  to 
the  web  of  the  fiMit — leas  frequently  to  its  mesentery — or  to 
the  web  of  the  foot  of  a  young  duck  similarly  restrained  — 
various  irritants  were  applied  and  the  results  noted  tinder  the 
microscope.  The  increased  size  in  the  capillary  blood  vessels 
was  thus  observed  in  the  affected  area,  and  further  a  luurked 
slowing  in  the  rapidity  of  the  blood-current. 

By  18^0  we  tind  the  description  much  more  complete. 
Addison  and  others  carefully  descrilMnl,  in  addition,  an  axial 
stream  of  red  blood-cells  and  a  much  more  slowly  movine 
peripheral  stream  in  which  were  found  the  leukocytes;  and 
as  the  velocity  of  the  circulation  became  less  and  less  the 
great  accumulation  of  the  latter  along  the  inner  Mall  of  the 
vessels  was  noted.  Addison  maintained  the  identity  of  the 
leukocyte  and  pus-cell ;  and  even  the  jKissage  of  the  leukocytes 
through  the  blood  vessel- walls  was  described,  but  failed  to  at- 
tract much  attention ;  a  phenomenon  which,  since  the  work 
of  Cohnheim,  twenty-eight  yciirs  later,  has  been  studied  with 
great  interest. 

The  experiments  fX  Cohnheiiii  (1867),  thougli  they  simply 
duplicated  the  experimental  studies  of  earlier  observers  on 
living  animal  membranes,  were  of  the  greatest  importance,  for 
t4i  him  undoubtedly  all  credit  is  due  for  our  knowledge  of  the 
migration  of  the  leukocytes,  the  announcement  of  which  came 
as  a  surprise  to  all. 

Microscopical  appearances  of  inflamed  animal  membranes : 
Flrddage:  Dilatation  of  vessels;  acceleration  of  lilood-current. 
When  the  mesentery  of  a  curarized  frog  is  ex(HJsetl  under  the 
microscope  there  is  soon  noted  a  dilatation  of  the  arteries  and 
then  of  tne  veins,  and  to  a  \'erj'  miicii  less  degree  of  the  capjl- 
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lanes ;  hj  tlie  end  of  fiAet'ti  or  twenty  minutes  it  may  be  very 
decided,  most  apparent,  however,  in  tli«  art^rieg.  At  the  same 
time  there  is  a  nioriied  acceleration  tit' the  Wood-current,  equally 
pronuunc«d  in  arteries,  veins,  and  cupillarieg.     The  stage  of 
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acceleration  in  the  blood-current  will  never  last  more  than  one 
or  two  hours,  by  the  end  of  which  lime  the  vessels  have  be- 
come twice  their  normal  diameter. 

Second  doge:  Retardation  of  blood -c u rreut ;   margiuatJon 
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of  the  leukocj'tos.  The  acceleration  of  the  blood-eurreut, 
which  may  lie  only  transitory,  is  followed  by  its  progressive 
retardation  until  tiie  vessels  are  engorged  with  bIoo<T.  The 
current  becomes  slower  and  slower,  until  finally  each  individual 
red  blood-ccll  can  he  recognized,  and  every  heart-beat  causes 
sudden  jerks  in  the  flow. 

Rtit  soon  one's  attention  is  fixed  upon  the  rriits.  Normally 
there  are  only  a  few  leukocytes  to  he  seen  in  tlie  periphery  of 
the  current,  where  they  are  occasionally  driven  from  the  asial 
stream  of  red  blood-cella  by  reason  of  their  lower  specific 
gravity.  But  now  the  number  of  leukocytes  in  this  peripheral 
stream  is  rapidly  increasing.  They  lag  behind  the  still  quite 
rapidly  moving  axial  stream  of  red  bloo<l-eelIs,  momentarily 
clinging  from  place  to  place  as  tlicy  are  carried  on.  This  same 
tendency  is  also  seen  in  the  capillaries. 

In  the  arteiies,  with  each  cardiac  diai^tole  a  number  of  leu- 
kocytes roll  into  the  ijeripheral  stream,  only  to  be  swept  back 
into  the  axial  stream  with  the  next  systole.  Finally  the  inner 
surface  of  the  walls  of  the  veins  is  almost  lined  by  a  layer 
of  leukocytes.  This  phenomenon  of  mnrgination  was  described 
by  all  the  earlier  observers  (Figs.  95,  96,  and  97), 

Third  4age:  Diapfdeitis;  interstitial  exudation.  Mai^na- 
tion  is  followed,  sometimes  immediately,  sometimes  only  after 
an  hour  or  more,  by  diapcdesis  or  migration  of  the  leukocytes. 
There  apjiears  on  the  external  surface  of  the  vessel-wall, 
usually  on  a  vein,  hut  sometimes  on  a  capillary,  a  small  but- 
ton-like elevation  or  hump,  which  little  by  little  grows  gradu- 
ally larger.  This  colorless  protuberance  is  seen  to  undeiso 
manifold  variations  in  form,  to  throw  out  and  retract  little 
finger  like  processes  ;  it  finally  becomes  pear-shaped  with  its 
point  toward  the  vessel.  The  tapering  end  is  gradually  en- 
larged into  a  slender  jmiicle,  which  finally  separates  from  the 
vessel-wall  and  is  retracted  into  the  body  of  the  leukocyte, 
for  this  separated  mass  of  protoplasm  is  now  readily  recog- 
nized as  such.  The  mignition  of  a  leukocyte  takes  some- 
times two  hours.  The  same  pmccss  is  repcate<l  at  a  large 
number  of  (xiints  around  the  veins  and  capillaries,  bo  that 
by  the  end  of  six  or  eight  hours  an  immense  number  of 
leukocytes  have  accumulated  along  the  external  surface  of  tlie 
vessel-walls.     In  the  arteries  this  phenomenon  is  not  noted. 
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It  does  occur  to  a  very  considerable  exb?Dt  in  tlie  capillarieo, 
and  from  tiieiii  emigration  of  the  reil  corimsclea  ulao  taken 
place.  The  leukocytes,  an  their  uitmber  increase?!,  do  not  re- 
main in  the  neighborhood  of  the  vessels  from  which  they 
niigrateil ;  while  the  red  globnies,  which  have  no  power  of 
amoeboid  movement,  remain  near  the  vessel  from  whicli  thev 
escaped.  The  migration  of  tiic  lenkocytes  c<mtinnes  to  siicli 
un  extent  that,  as  there  is  no  riHHn  for  tliem  in  the  interstices 
of  the  tissue,  some  reacli  the  freo  surface  of  tlie  mesentery. 
By  the  end  of  six  or  seven  hours  the  phenomenon  is  no  longer 
to  be  seen. 

The  serous  memimne  becomes  opaque,  due  to  un  exudate  of 
serum  from  the  blood vps,sels,  which,  by  coagulating  and  en- 
tangling in  its  meslics  of  librin  white  and  red  blotxl-cells, 
forms  on  the  Burfacc  of  tlic  mesentery  a  sort  of  a  pseudo- 
membrane. 

These  blood -vascular  changes  have  been  observu<l  in  warm- 
blootled  animals ;  in  the  wing  of  a  l>at  and  the  mesentery  of 
a  rabbit. 

The  dilatation  of  the  bloodvessels  was  8Up|x>9ed  hy  Cohn- 
lieim  to  be  due  to  the  direct  injury  of  the  vascular  walk  by 
the  trauma,  producing  cliemitral  and  molecular  changes  of  the 
greatest  importance.  These  changes  in  the  vascular  walls,  he 
su^^sted,  caused  an  increased  friction  of  the  blood  against 
the  walls,  which  was  suppose*)  to  explain  the  retanlation  of 
the  current.  A  further  consequence  was  the  greatly  increased 
[lermcability  of  the  vessel-wnlls,  permitting  cellular  and  serous 
exudations.  We  cannot  state  with  certainty  the  exact  cause 
of  the  dilatation  of  the  vessels.  That  it  is  not  due  to  vaso- 
motor paralysis  is  shown  by  the  fact  that  when  inflamma- 
tion occurs  in  a  jiart  in  which  the  voso  motor  nerves  have 
been  cut  the  vessels  still  further  dilute. 

The  Blorlng  of  the  cmrent  is  an  importatit  factor  in  the  suti- 
sequent  phenomena  of  margination  and  diapcdcsis.  This 
im[>ortance  has  been  experimentally  shown  by  the  fact  that 
artilicial  acceleration  of  the  current  induced  by  the  intra- 
venous injection  of  u  6  per  cent,  salt  solution  materially  re- 
tards (he  (levclopnicnt  of  these  phenomena;  and  directly  so 
in  prnp.irtii-n  to  the  ili'pree  of  this  acceleration. 

An  increased  permeability  of  the  vessel  walls  has  been  ex- 
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perimentally  demonstrated.  A  colloid  lic|tii<I  injected  into 
the  vessels  traverses  their  walls  even  under  feeble  pressure. 
The  niicriiscope  failu  lo  find  any  lesion,  though  it  is  claimed 
l>y  some  tliut  an  increase  id  the  size  of  the  natural  stomata 
between  the  endothelial  cells  (!an  be  made  out. 

DiapedeaiB :  'I'lie  demonstration  of  the  migration  of  leuko- 
cytes threw  a  flood  of  light  n}wn  a  very  imixirtant  question — 
the  source  of  inflammalury  cells.  The  fonnatiou  of  pus-cellB 
from  con  nee  live-tissue  cells  hud  never  been  seen  by  any  one. 
It  became  very  evident  that  at  least  the  great  majority  were 
migrated  leukocytes,  the  resemblance  of  which  to  the  cella 
crowding  all  inflammatory  tissues  had  been  commented  upon 
by  Virchow  and  other  observers  many  years  before.  It  is 
quite  probable  that  their  number  is  greatly  augmented  by  their 
multiplication  subsequent  to  migration.  As  an  explanation 
of  the  phenomena  of  diapedesis  two  thoories  mainly  are 
invoked — the  theory  of  cheniotaxis  and  the  theor;'  of  phago- 
cytosis. 

Chemotaxis :  It  has  becu  known  for  a  number  of  years  that 
vegetable  plasmodia  are  attracted  by  certain  substances  and 
repelled  by  others :  if  placed  on  a  surface  at  a  little  dis- 
tance from  a  nutrient  material,  such  as  a  decoction  of  dead 
leaves,  the  organism  moves  toward  it;  while  numerous  other 
materials,  such  as  a  solution  of  salt  and  sugar,  repel  it.  To 
these  phenomena  Stahl  gave  the  name  positive  and  negative 
irophotropism,  for  which  I'feffer  substituted  the  terms  positive 
and  negative  chetnotarU. 

A  similar  eheinotactic  sensibility  has  been  demonstrated  on 
the  part  of  the  white  blood-cells  toward  various  substances. 

It  has  been  shown  that  whereas  some  materials,  such  aa 
quinine,  alcohol,  chlontform,  repel  the  leukocytes,  cultures  of 
various  micro-organisms  and  proteid  substances  which  can  be 
se])arated  therefrom  attract  them.  So,  it  has  been  suggested, 
the  leukocytes  are  attracted  by  substances  formed  at  the  site 
of  inflammation. 

PIiaKocytosis :  Aletschnikolf,  studying  the  phenomena  of  in- 
flanmiation  fnim  the  standpoint  of  a  blolt^ist,  assigns  to  the 
leukocytes  the  main  r6le.  He  attem])ts  to  elucidate  these 
complex  p!n  nomena  by  protiucing  them,  as  far  as  possible,  id 
" — nisms  of  the  most  simple  structure.    We  find  that  unioel- 
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Inlar  orgiinisins  which  abound  in  media  surrounding  us  are 
Btibjevt  tu  iiifcctioUH  diHeasos.  Infection,  whicli  k  uno  of  the 
mnst  important  caut^es  of  inflammation,  is  »mply  n  stni^lc 
between  a  parasite  and  its  host.  We  must  regard  the  sum 
total  of  the  phenomena  of  inflammation  in  liuman  beings  as 
Ktmply  the  ett'orts  of  n:iture  to  oSset  the  effects  of  an  injury. 
However  simple  the  phenomena  resulting  fnim  similar  injury 
to  a  unicellular  organism — though  not  constituting  inflamma- 
tion as  we  are  clinically  familiar  with  it — yet  tlieir  significance 
is  the  same,  and  represents  a  primitive  condition  of  this  proc- 
ess which  undergoes  a  slow  evolution  as  we  ascend  in  the 
animal  scale.  Tne  power  of  locomotion  and  intracellular 
digeeition  is  the  amceoa's  mode  of  defence. 

Metschnikoff  says :  "  If  we  take  a  fii)ecimea  (such  as  the 
yellow  Plasmodium  of  Physarum)  on  our  object-glass  and 
touch  its  central  part  with  a  minute  glass  njd  previously 
heated  in  a  flame,  we  shall  produce  thermal  excitation.  Im- 
mediately after  being  touched  the  central  part  of  the  plaa- 
modium  dies  and  may  be  clearly  distinguished  from  the  living 
peripheral  portions,  which  remain  motionless  as  if  nothing 
lias  occurrea,  and  are  unaffected  by  the  necrosed  portion.  A 
few  hours  later,  however,  the  plasniodtum  awakes  from  its 

passive  condition  and  creeps  away  from  the  dead  part 

We  thus  see  the  irritating  ngenries  excite  in  the  plasmodium 
either  a  course  of  events  similar  to  those  which  accompany  the 
taking  of  solid  nutnment,  or  a  more  or  less  marked  repulsion. 
In  attempting  to  pro<Iiice  a  reaction  wliicli  should  corres]K«id 
to  inRammation  in  the  higher  animals,  we  have  brought  about 
the  phenomena  of  attmction  or  repulsion  which  occur  bo  fre- 
quently in  the  lives  of  plasmodia  and  the  inferior  animats 
generally." 

In  embryo  gpongea  there  are  stages  in  which  theoi^nism  is 
composed  of  but  two  layers,  the  inner  of  which  is  formed  of 
amcfhoiil  cells,  which  have  the  ixiwor  of  englobing  various 
Boltd  bodies  for  the  purpose  of  obtaining  nutriment  and  for 
defence. 

In  fw/HftjtpOHi/f*  there  arc  three  layers — ectoderm,  mesixlcrm, 
and  cnto<lerm,  and  now  the  function  of  dl^stion  devolves 
entirely  up<m  the  entoderm,  and  t)ic  aiuirlKild  cells  of  the 
nicsodeni  alone  jkisscsh  a  phagocytic  power, 
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"  It  is  apparent  tliat  tlie  iDflamtnation  of  vertebrates,  in 
whidi  file  Oei'entiing  pliagocytcs  emifp^te  from  the  vessels  to 
procGiKl  against  oH'eiiuing  bodiei:;,  is  distinguished  only  (quanti- 
tatively from  the  analogous  nhcnonicna  in  invertebrates,  and 
must,  therefiire,  lie  rt^rdea  as  a  reaction  of  the  orgnnism 
against  deleterious  agents.  We  mu»t  conclude  that  tlie  essen- 
tial factor,  the  piimum  mocens  of  mjtavtmatimi,  consUfy  in  a 
phagoci/Hc  readtmi  on  the  part  of  the  animal  organiitm.  All 
other  phenomena  are  merely  accessor)',  and  may  be  regarded 
as  a  means  to  facilitate  the  access  of  phagocytes  to  the  injured 
part.  ....  The  morbid  phenomena,  properly  spealiing, 
such  as  the  primary  lesion  or  necrosis,  as  well  as  the  processes 
of  repair,  do  not  form  part  of  the  inflammation,  and  must  not 
be  coiifouniied  with  it,' 

Function  and  fate  of  the  cellular  exudate :  The  iihogocytio 
power  of  leuUiwytes  irs  well  roTOgnized,  tliough  all  varietiea 
do  nut  po-iHi'ii.s  this  fiiiictii>n  to  the  same  degree ;  it  devolving 
miiitily  n|»iii  thf  iiioiionui'lcar  and  pnlynuclear  forms,  espe- 
cially (he  neiitrnpliiii'-^.  Tln^  lynijiliocytes  are  too  young  and 
liLive  too  lilllc  extriniiiclear  priit.i]ilasm  ;  nor  are  the  eusinu- 
phik'S,  the  pronijilusm  of  wliieli  i^wnis  to  be  undergoing  pos- 
sibly a  retrogressive  change,  ever  seen  to  euglobe  red  blood- 
cells,  micro-organisms,  or  other  foreign  bodies.  Young  con- 
nective-tissue cells — fibmlilasts  —  and  endothelial  cefis  of 
bloodvessels  and  perliapfi  of  lymphatics,  especially  when 
rapidly  pro] i feral ing,  possess  this  function  to  a  marked  de- 
gree.    Giant-cells  are  also  occasionally  phagocytic. 

In  acute  inflammations  the  neutrophilcs  are  the  most  active 
pli^ocyfes,  while  in  chronic  inflammation  the  lar^  mono- 
nuclear leukocytes  are  the  most  active.  Besides  this  function 
as  phagocytes  at  llie  site  of  inflammation,  the  migrated  lenko- 
cytes  undoublcdiy  aid  in  the  restoration  of  the  tissue.  Zi^ler 
has  long  maiiitaiiii'i!  that  they  dcvehip  into  mnnective- tissue 
cells,  and  Mitwhnikiitl'  -tatc-s  that  in  the  wounde<]  tail  of  a 
batrachian  tadpole,  if  watehrd  fur  several  days,  he  has  seen 
the  polynuclear  c^ll'*  nMivrrleil  by  I'lisiim  of  their  nuclei  first  ■ 
into  mononuclear  cell^^  and  tinii  inln  tvpical  branched  con- 
nective-tiss  no  cells.  Also  ill  i-jibl'it-  all  tlic  transitional  stages 
in  the  conversion  of  mononuclear  IcuUmytes  into  epithelioid 
and  giant-cells  have  been  nntiil. 
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The  function  of  the  serons  ezadate  is  quite  probably  pri- 
marily nutritive.  Further,  it  froqiieutly  irasse^ses  bactericidal 
prui>crtii'S,  mxl  may  l>e  ut'  vuhic  In  diluting  any  Imcterial 
iHti^ii  present  at  tho  i^ite  of  inflummation.  On  the  other 
hand,  however,  the  serum  is  oiten  an  extremely  good  culture- 
medium  for  various  varieties  of  micro-oi^nisms,  so  that  its 
presence  may  not  always  result  advantageously  to  the  tissue. 

Oou]ectlTe-tiB8ne  cliaases : '  We  have  noted  that  in  addition 
to  their  [>hago<ylic  fiinctinn  the  mignited  leukocytes  are 
capable  of  playing  an  ini]Kirlant  part  in  repair,  by  developing 
into  connective-tissue  elements;  and  fnrtlier,  on  the  other 
hand,  that  young  oonnective-t issue  cells  and  endothelial  cells 
of  bloodvessels,  active  proliferative  changes  in  which  are 
always  noted  from  the  very  onset  of  all  inflanimatorj'  pi-ocesses, 
are  marketlly  phagocytic,  though  this  certainly  cannot  be 
lookeil  upon  as  their  sole  function.  It  would  seem  that  these 
are  good  arguments  to  extend  our  conception  of  inflammation 
beyond  a  simple  phagocytic  reaction  on  the  part  of  the  animal 
organism.  There  are  examples  of  no  n- in  lectio  us  inflamma- 
tion where  the  leukocytic  migration  \'&  m<ist  marke<l,  though 
not  necessarily  phagocytic  in  its  nature,  in  the  sense  in  which 
the  term  is  usually  employed. 

Synchronous  with  the  blood -vascular  alterations  at  the 
outset  of  inflammation,  to  which  are  always  added  more  or 
less  market!  degenerative  changes  in,  or  even  complete  <lestruc- 
tion  of,  certain  of  the  cellular  elements  according  to  the 
severity  of  the  irritant,  arlive  pmfi/rratirf  changes  in  the 
fixed  connective-tissue  cells  occur,  which  must  be  regarded 
as  a  regtoratire  as  well  as  a  deffntire  manifestation,  and  hence 
should  I>e  included  in  our  conception  of  inflammation.  AVe 
conclude  that  inflnmnialinn  is  a  purwisivc  reaction,  having 
for  its  object  the  neutralization  of  the  effects  of  an  injurj-. 
In  this  sense,  then,  we  should  include  under  the  head  of  in- 
flammation the  phenomena  of  repair.  Undoubtedly  their 
significance  is  the  same ;  but  in  speaking  of  inflammation  we 
have  ill  mind  a  well-defineil  clinical  picture  which  here  is 
absent — the  only  difference  in  the  phenomena,  however,  being 
one  of  degree. 

Vaxlationfl  in  th«  type  of  iafl&mm&tion :  In  every  inflamma- 
'See  uiiJor  lieuU  of  Repair. 
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tion  there  are  vascular  asd  tissue  changes ;  bot  tliere  is  a 
ercat  variability  in  the  charactt^r  of  tDflammatione  resulting 
frum  differences  in  the  nature  of  the  irritants,  their  pernst- 
ence,  and  in  the  tissues  on  which  they  act. 

Iiiitanta  mav  tie  divided  into  organised  and  unorganised, 
the  former  including  animal  and  v^^etable  parasites,  and  the 
latter  niechanical,  physical,  and  chemical  influences.  The 
migrating  leukocytes  plav  the  more  important  part  when  the 
irritant  in  cii^nizcd.  There  is  a  veiy  considerable  difference 
between  a  blister  in  which  there  is  an  enormous  serous  exu- 
date containing  but  few  leukocytes,  and  the  slight  serous  bat 
enormous  cellular  exudate  produced  by  i^ceenic  coed. 

Though  this  property  of  inducing  the  migration  of  a  large 
number  of  leukocytes  is  well  recc^ized  as  belonging  to  oer^ 
tain  micro-oi^nisms,  yet  the  varioud  other/acfora  concerned 
in  bringing  almnt  such  a  result  are  not  fully  understood.  In- 
tense cold  produces  an  inflammation  which  is  accompanied  by 
an  excessive  migration  of  leukocytes,  while  the  inflammation 
prtHluced  by  heat  is  accompanied  by  the  cmigmtion  of  but 
very  few  leukocytes. 

Purulent  or  suppttrative  infflanunatios  is  a  variety  character- 
ized by  au  excessive  migration  of  jiohmorplio nuclear  leuko- 
cytes or  ncutrophiles,  and  a  tendency  to  li(]iiefacti(>n  of  affected 
areas — t.  c,  by  the  formation  of  pu*i. 

Pus  is  a  creamy  fluid,  of  ppccifie  gravitv  alKtut  1030,  and 
usually  alkaline  in  reaction.  If  it  i)C  nllowed  to  stand,  it 
separates  into  two  layers.  The  unpcr — the  liquor  puns — is 
a  clear  fluid,  yellowish  in  tint,  and  resembling  blood-serum. 
If  a  drop  from  the  opaque  lower  lajer  l»  examined  under 
the  niicixiscoiK',  one  will  find  susiionded  therein  a  great  num- 
ber of  colorletw,  granular,  rouml  cells  fscc  Fig.  98).  Their 
peculiar  horseslioe-slmijcd  nuclei  identify  them  as  polymoi^ 
phonuclciir  leukocyte?.  If  the  specimen  is  from  an  acute 
ahscesH,  in  n  hti^'  number  of  the  cells  jimceboid  movements 
may  be  nutdl,  esppcially  if  examined  on  a  warm  stage. 

A  cireunisenbed  eolfeetinn  of  pus  in  any  tissue  is  known 
as  an  abscess.  In  addition  to  the  excessive  migration  of 
leukocytes  wliii-li  elianictevizcs  ]nirulent  inflammation,  there 
are  also  a  nocnisis  and  liquefaction  of  the  tissue  at  a  given 
point,  sotting  free,  as  it  were,  the  migrated  cells  within  this 
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area.     In  oilier  words,  an  abscess  is  t^imply  a  liqiietied  in- 
flamniatoiy  focus   containing   a   large   number  of  migrated 


leukocytes.     In  tlie  greater  number  of  cases  the  liquefaction 
of  the  tissues  \s  a  sort  of  peptonization  brouglit  about  by  fer- 


broad  Innltnitv^  b 


mcnts  the  product  of  hnctenal  growtli.     The  or^nisms  most 
fre<|uently  concerned  in  purulent  inflammations  are  the  pyo- 
genic   staphylococci   and    streptococci,  though    the    bacillus 
IT-Hiit. 


I 
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coii,  gniiococcua,  and  others  occasionnlly  prove  pyogenic. 
Arixind  the  central  fluid  mans,  the  pus,  (here  is  first  a  layer 
which  is  soon  to  become  pun,  next  a  zone  of  in  Summation  and 


.e  f  n    n  cp   h      um  or  vh    h  la    h 

I   aa  eawu   cd  and  the     bod  ei  n    il 

'  c  eft  *ra  wi  ni  d  ■  nteitnted 


repair  and  then  1  o  ltl>>    tis    e      If  b  r)    a        flnmmatoiy  ' 
pnx!Gss  occi  ra  on  tl  e  skin  or  a  n    co  <j  membrane  the  resnit-  J 


ing   sii{)erficial  dost  met  ion  of  tisMtie  anil   lot 
constitute  an  uki-r  (sre  Fig.  98iJ, 

PaTenchymatotiB  and  inteniti^l  inflammation :  In  inflamma- 
tion of  glandular  structures,  in  some  instances,  the  degenera- 
tive or  proliferative  changes  in  the  epithelial  cells  may  be  the 
more  marked,  while  in  others*  the  changes  in  the  interstitial 
tissue  are  the  more  pronounced,  suggesting  the  term  parenchy- 
matous for  the  former  and  interstitial  inflamniatioD  for  the 
latter  condition,  though  they  cunnot  be  Mrictty  separated  from 
each  other  (see  Fig.  99).  The  same  terma  are  t^omctimes 
employed  in  a  t^omewhat  similar  manner  in  inflammations  of 
muscle  and  nerve-tissue. 

Productive  inflammatioii  (see  Fig.  100)  is  a  term  occasion- 
ally employed  when  the  proliferative  elianges  predominate 
over  the  exudative  and  degenerative,  due  either  to  the  nature 
of  tlie  cause  or  the  extent  of  the  injury.  In  the  viscera,  when 
the  action  of  an  irritant  is  long  continued,  such  proliferative 
activity  of  the  twnnective-tissue  cells  may  lead  to  a  marked 
increase  in  the  snstentacnlar  tissue  and  a  set^ndary  atrophy 
of  the  parenehynia,  the  term  chronic  iijterstitUial  inflammation 
being  applied  U>  the  condition.  Productive  inflammation  is 
well  illustrated  in  the  process  of  repair. 

KEFAIB 

Healing  by  first  intention :  Immediate  reunion  of  an  aseptic 
wound  lakes  place  with  soarwly  any  vascular  phenomena. 
The  prompt  Juxtaposition  of  the  lips  of  the  wound  leaves  no 
opportunity  for  an  exudation  of  any  great  extent.  There  is 
more  or  less  hemorrhage,  a  small  amount  of  the  blood  coagu- 
lating between  the  edges  of  the  wound.  The  filaments  of 
fibrin  which  form  constitute  a  sort  of  scaffolding  between  the 
wounded  surfaces. 

By  the  end  of  twenty-four  hours  there  is  evidence  of  a 
auperactivity  on  the  part  of  the  injured  connei'tive-tissuecells. 
They  become  hypertmphied,  their  divided  prolongations 
grow  and  new  ones  are  protruded,  extending  along  the  fibnn 
scaffolding,  uniting  with  similar  pnilougations  from  other  cells, 
and  thus  forming  a  second  scaffolding  firmer  than  the  first. 
The  cells  then  complete  the  formation  of  the  cicatrix  by  the 


I 
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development   of   white  fibrous  and   yellow  elastic  fasciculi. 
Thimgli  the  migration  of  leukocytes  may  have  heen  a  little  ) 
exaggerated,  they  have  taken  no  active  part  in  the  reparative  ' 
process. 

We  might  say  that,  the  phenomena  of  inflammation  ha%-e  I 
been  reduced  to  their  simplest  terms — complete  or  partial  , 
destrutition  of  some  cells,  un<l  a  marked  functional  super-J 

Fio.  100. 


Chronic  iDlersCltisl  mfocunillli  lalu  st 
□r  Ihe  1  it«riUtl[tl   Inflarnmallaii 
V  Micaolallon  of  n  Ir  s  mrophk  ce 


activity  of   other  connective- tissue  elements  having  for  ita  ] 
object  the  complete  restoration  of  the  injured  part. 

When    the  irritant  is   greater  the  rejKinitive  process  pro-   . 
gresses  with  {greater  energy- 
Healing  bf  second  Intentloti :  When  the  snrfacei  of  a  wound 
are  nut  in  iipposition  or  are  septic — /.  c,  infected  by  Iwicteria—  ' 
the    reactionary    antl     reparative    phenomena    progress    with 
greater  energy  Ijocanse  of  the  greater  call  npon  the  reparative  I 
efforts  of  the  organism,  or  the  greater  severity  of  the  irritant.  ] 
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The  wound  is  said  to  heal  by  second  intention,  and  with  pus- 
forniuti<jn  if  it  is  septic.     It  is  a  much  elower  process,  wither 


mil :  b,  coiium :  c,  flbrlnoiu,  e*.  hcmarrhaeLt'  eiudatt- :  d,  nvwljr  fomed  rpllhc- 
lliim,  ronUlnlnj  namcmus  karrokiiicUc  flgiircii  ttid  showing  epllhelUf  plug 
onilertlnB  Into  exuiIsK  lylnfc  ben^aih  -.  i.  karyoklnellc  Hcnm  at  nonie  dlnane- 
trtaa  Itac  of  locUion;/,  new  conncclire  tlwiie  smwltig  rrnm  cnnncc" 
■paeei  and  conuUnlng  celts  witb   knrvoklnelic  fiin>rpB  and  IjlwidTe 

nowlnr  walli:  0.  ErcwInR  new  rannettlvc  tiune  wKb  leukocylei ;  *. _ 

of  leakocflea  at  the  lower  angle  of  the  wonod :  I.  flbrinobluti  Ijlng  iniidc  the 
exadale:  t,  ■ebaceoiu  gland :  [.  awcat-gUnd.    X  SD  |Zleg!er). 

because  the  wound  must  hejil  in  fmni  the  sides  and  bottom  or 
because  tiasue-destruction  is  greater  by  reason  of  the  injurious 


s.n'iDr    OHaiDal  jm^Ke  «/  lactnnl 

•f^  <mt  vtock  u  bnliw 

ECDverea 

This 


;tT«x  i«c;;u  > . 

^■?»  iL«ffi«rt«:  b>4h  por- 
f  :hc!r  'JMiriwTMlca.   il. 

Ti-u-:«f.  In^a■ldr•iIn^ 
:  f  tar;::!  nom  tLc  Sold 
r.  ;'«•«  iD  Iblf  lhi»ad. 


Onnnlation-tisRie :  On  nii'-m-^^'piral  examination  one  finds 
thi-<-  iirtli-  cli'V.'iiioii-  ro  l.i'  (i.miK-i-ii!  <'f  loi.piitf  newly  formed 
^^\^)'^^iv^—^■\-  l~4-i-  Kj^.  1(1] ,  ^iirrii'iiinii-i)  Iiv  a  ma?.*  of  rapidly 
j(r"lifi-r!tfiii(f  f<.iiiii<liv<-ii"rif  cell-  ami  miirrated  leukocytes. 
7(t  ii'i'iiij'.ri  x\ifT-  iiiiiy  lie  jircKfot  iHiiiiiii  Inrjrer  cellular  ele- 
rii'dt'-.  Oiii.  v;iii<iy,  ilic  f;ijint  ccli,  i>  nftcn  many  times  the 
*\m-  ifY  ;i  |i-Mkf«yl.-.  it-  cliicf  rliar.ifirri-fir  Iicinp  a  variable 
ritiiiilii-r  i,r  iiii'lci — sotiiitimr-r!  a^  many  as  (■no  litindred, 
ii-iiiillv,  lniHcviT,  ('i-iiiii  Jive  to  twenty — invjrularly  arranged, 
ni(Mi<-<iNi('H  antiiriil  |]i>-  ix-riplierj-  of  the  cell,  evenly  distributed 
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through  the  cell-protiiplasni  or  clustered  in  one  Root.  These 
cells  are  niiirkedly  phagocytic,  onp;l<)i>ing  Jina  removiug 
hacteriu,  fnignients  of  the  rei)  blood-corpiiHclea  and  proto- 
plasmic debris  generally  (sec  Figs.  lOtJ  and  103).  Another 
vuriety  is  large  and  fusiform  witTi  nil  elongated  nucleus. 

Ill  the  midst  of  these  inuumenible  cellular  elements  run 
newly  fiirnied  capiU'iry  bloodrrnseU,  the  walls  of  whicli  are 
formed  of  a  single  layer  of  cells  scarcely  differentiated  from 
those  surrounding.  The  exact  method  of  the  formation  of 
these  new  bloodvessels  ia  as  yet  obscure. 

As  the  reiMinitive  pntcess  progresses  the  young  spherical 
connective -tissue  cells  beeome  more  angular  and  later  fu.siforni. 
As  they  often  resemble  the  epithelial  cells  of  mucous  mem- 


•^^^ 


fhwucylM  froBi  ueiitlr  sniiulBtloni  fKiklfcirolTI.  O. jiliiiirocTKiwilhpHUdopodlk; 
E.  wllboiil  paruili'iwdla:  F.  prollfEnilnii,  Ihe  [UUKhbrr-nui^li'l  lii  tin-  iplrem 
pbaiH.-  at  ImrjcikltieKlB ;  A.  B.  D.  with  leukocyteti,  fmvmcDU  of  tittae,  ■nil  red 
cfirpuBCles  lu  Ihvir  cy topjaun. 

branes  they  are  sometimes  called  epithelioid.  To  these  cells, 
which  are  es|»ecially  eonsecrate<l  to  the  restoration  of  connec- 
tive tissue,  Zit^ler  applies  the  term  jtbi-oblastn ;  or  cliondro- 
blasts  or  osteoblasts  if  (HHicerned  in  the  regeneration  of 
mrtilage  or  Iwne,  Still  further  changes  in  shape  take  place, 
until  finally  they  become  fully  develo[)ed  fiat  and  slender 
connective-tissue  cells. 

Having    thus    rapidly   attained    their    full   development, 


i 
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evidences  of  advaiieiiig  senile  degeneration  nianifeBt  them- 
selves with  equal  rapidity,  the  ntimen)U8  new  bloodvessels 
undergoing  ati-ophy  iu  a  similar  manner,  and  thus  is  formed 
the  eii'atrix. 

The  formation  of  new  fibrous  tissue  and  regeneration  of 
other  connet'tive  tissues  occur  in  much  the  same  manner, 
their  dift'ereiitiation  occurring  Hccundarily. 


THE  INFECTIVE  ORANDLOMATA. 
Under  this  head  are  usually  descrilicti  a  number  of  infec- 
tious diseases  all  characteriKcd  by  the  formation  of  tnmor-like 
nodnlor  masses,  niieroscopically  somewhat  resembling  grann- 
lation-tissuc  in  the  number  and  character  of  their  cells,  which 
have,  however,  but  little  tendency  to  develop  into  a  perma- 
nent tissue,  and  are  very  liable  to  undergo  degenerative 
changes.     They  are  forms  of  subacute  inflammation. 

Tubercolosis. 

The  term  tubercle  was  at  one  time  applied  to  any  nodular 
growth.  By  Ijaenneo  it  was  employed  mainly  in  connection 
with  the  large  caseous  yeUow  nodules  observed  in  phthisical 
lung?.  Baillie  (1794)  was  the  first  to  call  attention  to  the 
small,  gray,  millet-seed-sized  tubercles  found  in  the  lungs,  and 
whicli  are  now  rt^rded  as  the  anatomical  basis  <»f  the  lai^r 
yellow  nodules.  But  even  the  smallest  "miliary  tul>ercle" 
is  found  micniscopicnily  to  be  made  up  of  still  smaller  cellular 
iuherden. 

Though  the  histology  of  these  cellular  tubercles  is  quite 
distinctive,  since  the  discovery  of  the  ^ccijic  microbic  cawe 
by  Koch  in  1882,  the  presence  of  this  bacillus  must  be  re- 
garded as  (he  essential  cnaracteristic  of  the  disease ;  this  then 
is  the  criterion,  whatever  the  macroscopic  or  microsoopic 
character  of  the  lesion  (see  Figs.  104,  105). 

Histological  tubercle :  The  first  effect  of  the  presence  of  the 
tubercle  bacillus  in  a  tissue  is  the  multiplituition  of  its  fixed 
connective-tissue  cells,  resnlling  in  the  fiirmation  of  cells 
termed  epithelioid  on  acatunt  of  the  resi'nddance  to  epithelial 
cells   in   their    abundance   of    protoplasm.      There    is    also 
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excitttl  ji  migration  of  Iciikiicvti'-i,  ami  wirroiimlirig  tlic  epi- 


Tuberc:l>?hulllllniiiant-c«ll(rrun)(ubei~       TDbenlt^  barlllt  II 

....  _._    .. ,,...-...;. lilwirt-wniiiil,  sliowinn  ini- 

panllelllnf*.  >^6au«fterK< 


.utercle  rrom  t 

>  CHD  ortubcrcaloilm  of  the  IIth.    A  inuUtniiclHted  elaDl-Mll 

imiflliiK  |-rtiifl|)«llyof  (IbmbU^f,  wnl,  tualiM  viteiil.  of  leuku- 

nrte*.     The  1 

Giikocyu*  lire  mi^l  niinieivui  on  Ihc  side  where  curaUon  i. 

Uielioiil  cells  ue  find  a  layer  of  smnllor  lyni])liuiii  cells,  buth 
often    being    supported   by  u  tine   coniicctive-tisaue    reticu- 
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Iiim.  Such  an  arrangement  of  epithelioid  and  lymphoid 
cells,  with  often  a  large  multinucleated  giant-cell  in  their 
centre,  constitutes  the  typical  hiMologiml  luberck  (see  Fig. 
106). 

The  structure  of  these  tulwrcles,  however,  varies  consider- 
ahly;  in  some  instances  the  leukocytic  migration  is  si >  great 
as  almost  to  hide  the  epithelioid  <«lls.  If  properly  staineil,  the 
tuhercic  luicillits  may  be  found  between  the  epithelioid  cells 
first  formed;  later  they  are  more  numenitis,  many  being 
within  the  cells,  especially  within  the  giant-cells. 

The  giant-cell  was  at  one  time  supposed  to  be  typical  of 
tuberculosis,  but  it  is  now  known  to  be  frequently  found  in 
other  chronic  inflammatory  processes,  and  in  some  tumor- 
formations,  though  neither  so  abundant  nor  so  conspicuous. 
They  often  have  as  many  as  fifteen  to  twenty  nuclei  arranged 
around  the  periphery  of  the  cell  or  at  either  of  its  poles.  By 
some  observers  the  giant-cells  are  supposed  to  result  from 
the  rapid  multiplic-ation  of  the  nuclei  of  the  epithelioid  cells 
without  division  of  the  cell -protoplasm  ;  acconling  to  Metsch- 
nikoff  and  others,  they  result  from  the  running  together  of 
the  phagocytic  leukocytes  and  epithelioid  cells,  combining,  as 
it  were,  for  a  common  weal. 

Oaseation  is  a  most  characteristic  chauge  nSecting  the  tuber- 
cle. It  consists  in  the  transformation  of  its  centre,  often,  in 
fact,  of  the  whole  tubercle— depending  on  ihe  abundance  and 
virulence  of  Ihe  iKicteria — into  a  structureless,  opaque,  and 
granular  material,  macroacopically  resembling  cheese.  In 
part  this  is  due  to  toxins  resulting  fnjm  the  growth  of  the 
tubercle  bacilli ;  and  in  part  is  due  to  the  entire  absence  of 
blood-aupply,  which  can  be  demonstrated  in  properly  injected 
specimens,  the  capillaries  being  traceable  to  the  margin  of  the 
tubercle  only. 

Fibroid  transfonnatiim  :  When  the  inflammatory  process  is 
very  chronic,  and  the  bacilli  few  in  number,  in  place  of  a 
necrotic  and  destructive  pnwess^caseation — -the  tissues  seem 
to  gain  the  upper  hand,  and  by  the  active  proliferation  and 
development  of  the  connePtive-tis,iiie  cells  a  new  fibrous  tissue 
is  formed  and  thus  the  disease  is  limited  ;  the  tuliercle  is  said 
to  have  undergone  a  fibroid  clitnir/i;  and  is  replaced  by  scar- 
tissue. 


Syphilis. 

Tlio  lesion  whicti  jUaws  fijpljilis among  tlic  infective  granu- 
lumata  is  the  gnnuna,  wliicli  occurs  in  the  late  or  tertiary  stage 
of  the  disease;. 

Thougli  tlie  cause  of  the  disease  is  not  tiefinitely  determined, 
no  one  dnuhts  the  living  nature  of  the  contagiiun. 

The  gumma  occurs  iu  almost  all  the  tissues  of  the  body, 
most  fre(jiiently,  however,  in  the  skin  and  subcutaneous  cellu- 
lar tissue  ;  in  bone  (tibia,  sternum,  and  glcull);  in  the  brain 
and  its  membranes  (less  frequently  in  the  spinal  cord) ;  and  in 
the  lix'er,  kidneys,  and  liui^.  It  presents  as  a  firm  yellowish 
white  nodular  mass  varying  in  size  from  that  of  a  hemp-eeed 
to  that  of  an  apple.  On  section  it 
has  a  gelatinous  or  jummy  appear  fio  10 

ance.  The  centre  is  often  >tllow 
and  chi-csy  from  the  neiro  is  it  is 
prone  to  undei^i.  If  the  n  dule 
iSHUperficiallysituatel  thi  necrotic 
softening  frequently  rt  iilt^  in  the 
formation  of  deep  pxca\  ited  ulcern 

UicToscopic&lly  the  ^iiima  is 
composed  of  migrated  II  ik  cytea 
and  proliferating  connect  \p  tissue 
cells  of  various  fornix  Epithelioid 
and  giant-cells  are  Ic«s  frequently 
seen  than  in  tuberciilos  >,  If  aisea 
tion  has  begun,  in  the  centre  i^ 
found  an  opaque,  homogeneou  an  1 
granular  material.  Vt  the  penpher\  there  : 
newly-forming  connective  tissue  (Fig.  107). 

Leprosy,  glanderB,  actinomycosis,  and  rMnoscleroma  arc  also 
characterized  by  llii-  rormati()n  of  nodular  in<iHM-fi  of  i/nniula- 
lion-l!kf  tiituf. 

IXYES. 

Accouqianying  inflammation  there  is  often  very  consider- 
able cont^ilutinniil  lUdurbanrr.  The  IxkIv -temperature  may 
be  elevated ;  the  pulse  and  respirations  accelerated ;  glandular 
secretions  altered  ;  metabolism  disturbed  ;  definite  anatomical 


GuiDlny  KTowlb  frum  llrer  a 
central  portlam  at  gmirtb 
cntKlBlIng  of  ttranular  dMiiii 
b  peripheral  cnou  >Uan  tli- 
>u  a  blnodvene       x  100 

Cuni  1  KDd  RkdvIgt) 

•  a  xa«cular 
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changes)  in  variuuK  tissut^a  likewise  nccompaiiying  these  phe- 
nomena— all  of  which  are  included  in  the  clininil  term  /etrr. 

Kiscof  Iwdv -temperature  is  the  most  essential  phetiomenon 
to  the  e\i.fleiiL-f  of  fever. 

'I'liu  iinnnii/  ri,ii:'fimt  temperature  of  the  body  depends  on 
an  ei|iiilihriiiii\  iictween  the  processes  of  heat-prodnction  and 
huat-dUsiputiuti,  which  is  maintained  through  tlie  influence 
of  the  nervous  system  ;  the  exact  nature  of  this  mechanism, 
however,  is  not  yet  fully  understood.  In  fever  this  equilib- 
rium is  disturbed,  so  that  tlie  pnieesses  of  heat-disgijiation 
aud  li eat- production  do  not  bear  a  normal  relation  to  each 
otlier. 

litioloKy :  Clinically  fever  has  been  observed  to  follow  con- 
siderable extravasations  of  blood ;  experimentally  it  occurs 
after  transfusion  of  blood  from  one  animal  to  another  and 
also  after  intraperitoneal  injections  of  blood. 

The  demonstration  of  the  fibrht-fennent  as  tlie  pyogenic 
substance  capable  of  exciting  such  a  rise  of  tentperature 
suggested  the  investigation  of  other  ferments,  ana  it  was 
found  that  the  intravenous  injection  of  pepsin,  trypsin,  and 
papoid  produced  a  well-defined  fever.  This  type  of  fever 
corresponds  to  tliat  observed  by  sui^eons  after  extensive 
aseptic  wounds,  as  a  sulwutaneous  fracture,  Ihe  pyogenic 
material  resulting  Intra  the  disintegration  of  the  injured 
tissues. 

Most  morbid  processes  with  which  fever  is  associated  are 
due  to  micro-organimis,  and  it  is  consequently  quite  natural  to 
turn  to  these  elementary  forms  of  vegetable  life  in  endeavor- 
ing to  elucidate  this  subject.  Early  investigators,  less  than 
fifty  years  ago,  demonstrated  that  injections  of  putrefactive 
materials  into  the  bhiiid  of  animals  were  capable  of  producing 
marked  febrile  reactions,  and  a  knowledge  of  the  part  playecl 
by  micro-organisms  in  the  production  of  putrefaction  made 
quite  evident  the  imnortnnce  of  tlieir  r6le  in  fever. 

In  1863  Davainc  aest-ribed  a  rod-shaped  organism  in  the 
blood  of  animals  sick  with  splenic  fever,  and  found  that  in  a 
healthy  animal,  if  inoculated  with  the  blood  of  an  animal  80 
affected,  the  disease  was  reproduced.  Subsequently  Pasteur 
showed  that  if  these  nrpanisms  were  removed  bv  filtration 
through  earthen  cylinders,  though  the  disease  could  not  then 
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be  reproduced  b_v  inoculation,  there  resulted  a  febrile  reaction, 
which  could  ouly  l»e  attributed  to  cliemical  poim»i» — uilled 
ptoinains  or  toxins — the  result  of  the  growth  iif  the  bacteria. 

These  chemical  substances  may  be  the  product  of  organi^mn 
which  are  not  capable  of  existing  in  llie  Uving  body,  but  only 
in  dead  vegetable  or  animal  tisi^ueti — i.  e.,  mprauhytic  bcKterUi, 
to  which  cla^  belong  the  poisonous  alkaloids  which  have 
been  isokted  from  putrefying  fish,  meat,  sausage,  clieese,  etc. 
But  of  far  greater  clinical  importance  in  the  etiology  of 
fever  are  the  products  of  pathogenic  bacteria. 

Undoubtedly  febrile  rise  of  temperature  may  be  produced 
by  other  agencies,  such  as  fear  antl  affections  of  tlie  nervous 
system ;  but  here  grave  functional  and  anatomical  disturb- 
ances are  entirely  absent. 

The  dgniflcance  of  fever  is  not  known,  though  modern  ex- 
perimental evidence  supports  the  theory  that  it  is  a  conserva- 
tive effort  on  the  part  of  nature  to  combat  the  noxious  sub- 
stances which  give  rise  to  it.  In  animals  rendered  hyperther- 
mic bv  external  heat  or  cerebral  puncture  and  inoculated  with 
various  organisms — pneumococcus  and  others — the  increase 
in  body-temperature  secme<l  to  exert  a  most  favorable  influ- 
ence on  the  course  of  the  infection. 

The  anatomical  cbangsB  in  fever,  due  to  tlie  increased  tem- 
jierature  alone,  are  few.  It  ia  difficult  to  separate  the  results 
produced  by  the  high  temperature  from  those  produced  by  its 
exciting  cause.  Cloudy  swelling  and  fatty  degeneration  of  the 
heart,  liver,  and  kidneys,  are  probably  in  part  due  to  the  fever 
itself,  though  in  part  undoubtedly  to  toxic  substances  circu- 
lating in  the  blood. 

THE  CmCULATORT  APPARATUS. 

Hypenemia  is  an  increase  in  the  amount  of  blood  in  a  part: 
aiKl  is  cither  actual,  due  to  an  increase  of  the  How  to  the 
jKirt ;  or  passive,  due  to  an  obstruction  of  the  outflow. 

Active  hypereinla :  Blushing  is  a  physiological  example. 
Patholi'i.'i(':tlly  it  is  hardly  met  except  associated  with  some  of 
tlie  piu-nmiteiia  characteristic  of  inflammation.  A  variety 
due  to  vRw-motor  paralysis,  as  seen  in  exiwrimental  section  of 
the  cer\-ieal  sympathetic  in  animals,  is  occasionally  met  with 
clinically,  as  after  gunshot-wound  of  the  same  nerve. 
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Pasaive  hyperemia  is  produced  locally  by  thickening  of 
venous  wiills,  (■xtcrual  pressure  on  tile  veins  of  a  part  oya 
timiiir,  gi"avi(l  uterus,  ett;.  Cardiac  weakness  produces  a  gene- 
rat  veutius  ('/ingestion  fiually,  if  severe  enough,  of  all  the  tis- 
sues of  the  boay. 

The  con«eqiie7u-e«  of  veuous  congestion  are  more  important 
than  those  of  active  congestion — thebltMid-sonim  transudes  in 
greater  quantities  than  can  be  removed  by  the  lymphatics,  and 
the  tissues  become  o?dematous  and  swollen.  In  the  internal 
organs  there  may  result  pressure-atrophy  of  tlie  true  paren- 
chyma-cells and  an  increa.sc  of  the  connective-tissue  elements. 


Becltoii  of  white  i 
lar  threads  of 
X  ItX)  IZelglur;. 

Local  antemia  or  isduemla :  This  occurs  where  there  is  intei^ 
ference  with  the  bliKid-suppIy  of  a  tissue,  and  results  in  atrophy 
or  some  degenerative  change,  op  if  long  continued  in  necrosis. 
It  is  produced  by  thromlxais  or  embolism,  atheroma  of  the 
ve.-iM'l -walls,  arterial  spasm,  or  external  pressui-e. 

Thromtiosia  is  the  coagulation  of  blood  within  the  heart  or 
blood vof'.-ic Is  during  life. 

The  appearance  and  stmeture  of  a  thrombus  depend  on  the 
rapidity  with  wliich  it  is  formed ;  if  slowly,  it  is  composed  of 


layers  of  fihrin  containing  blow! -plates  and  leukocytes  in  its 
meeheb  and  is  of  a  grayiBh-wliilf  culur ;  if  ra|iidly,  as  tlie  result 
of  the  almost  complete  stoppage  of  the  circulation,  it  is  com- 
posed of  fibrin  and  all  the  elements  of  the  blood,  is  soft  and 
red.  re^iembling  a  post-mortem  clot  (Fig.  108). 

The  cause  of  Ihromboijis  is  found  either  in  alterations  in 
structure  of  the  vessel-walls,  in  the  composition  of  the  blood 
or  the  rapidity  of  its  flow.  If  the  circulation  is  arrested 
at  any  point,  coagulation  ensues  as  the  result  of  the  altered 
nutrition  of  the  vessel-wnll,  produtang  structural  changes 
incompatible  with  preserviition  of  the  normal  fluidity  of  the 
blood.  Inflammatory  and  degenerative  changes  in  the  vas- 
cular walls,  as  well  as  alterations  in  the  comjKisition  of  the 
blood,  for  instance  after  a  pnilongcd  illness  like  typhoid  fever, 
favor  the  same  result. 

The  ^faie  of  a  thn>nibus  may  be  orfranization,  calcification 
forming  pjileboliths,  or  fatty  degeneration  and  liquefaction. 

Embolism  is  the  process  of  plugging  or  slopping  up  of  a 
bliHwivc-iwl  by  foreign  bodies  of  various  description,  carried 
in  the  blood -stream  and  too  large  to  pass  through  the  vessel 
at  that  point. 

The  plug  or  embolus  may  be  a  portion  of  a  thrombus ;  of 
a  diseased  heart-valve  or  of  a  tumor;  masses  of  bacteria 
and  other  parasites,  and  also  pigment,  as  in  malaria;  parti- 
cles of  fat;  and  in  wounds  of  large  vein.*,  air,  which  may 
have  gained  entrance  {Fip.  109).  Its  point  of  lodgement 
depends  on  its  source ;  if  from  the  systemic  veins  it  will  be 
arrested  by  brandies  of  the  pulmonary  artery ;  if  from  the 
pulmonary  veins  or  left  side  of  heart,  it  will  occlude  some 
systemic  arter\-,  most  frequently  in  the  spleen,  kidneys,  or 
brain  ;  if  from  tributaries  of  the  [tortal  vein,  it  will  be 
arrested  by  bmnches  of  that  vein  within  the  liver.  If  the 
obstructed  artery  is  terminal — i.  c,  has  no  free  ana^lomoscs — 
an  infarct  is  the  result. 

Infarcts  may  be  aniemic  or  hemorrhagic.  The  circulation 
beyond  the  embolus  is  arrested — a  wedge-shaped  aniemic  area 
is  produced  in  which  later  ficoiir  coagulative  necrosis  and 
caseation,  the  degenerated  tissue  being  finally  absorbed. 

In  some  eases,  however,  the  affected  wedge-shaped  area  is 


■2.7-^     PATHOLOGY  Of  THE.   BLOOD   AJJl   CIBCCZAtJOX 

eii^nrml  \rirh  i^xtnivtieated  binml  ^apfMieed  pa»ibt]r  tu  be 
due  t>>  a  !>iii-k  Aov  from  the  veiiu<.  in  which  vMx  die  final 
n>aiainiiii£  -i-ur  i^  pigmented  iFl^  lIOi. 


HinnuUv  a  cenain  omouat  of  Suid  1 
I'mm  the  i-apillar^'  bluotiveseeii^  into  the  inteisdc^  of  cun- 
nci'rive  tisriiiei  umi  the  %-arioiis  jenjus  cavities  ot*  tfae  budj ; 
when  the  ;uu<>imc  at  tbi^  tliiid  is  iucimtied  or  ixa  nmonL  bv 


.     Il';i'fllte4 


thp  win-  ari'I  !_vni[.liatii'-  i-  I'~-^iii:-l  tli.i-  ■■i-rnliti-in  is  known 
a-t  ifil'-tu/i  f,r  'i.-'iii':!.  Tli-  iiK.-tvn-^Hl  inn-i;'btii>n  may  be 
rau-'ij  bv  .■irr.ri;il  i.r  v.--n..ii-  livp/nv^nii:!.  hvilr.vniii.'  states  of 
tb-:  bj.-i.  ;.i,.|  i-.-if.lv  l,v  :ilt.r..ti..n-  in'  tli-  Halls  of  the 
bl--k»-.|.. 

Ob-rriif-rioti  r.f  till,  lytiiiibaiii^  '-ir-'iiKiti-iii  i-  nevor  a  power- 
ful (ii'-M.r  in  rb"  |.r<"ln'ri.iii  r.f  ilri'ii-y  :  but  vonini-  obstruction 
in  fi  rn'»-r  imiif.rr.-inr  ni'-i.iiiini'';il  <-.m-e, 

f.'Miii'jiiiy  fb"  'lii'f  ivf,;,//Vy  f,f  •fih.iui  are  t^rdiac.  rpnal, 
WMibcftic,  ari'l  unt'iniKnnilip.  (iiiiVfu^  flrof^t/  i-  an  example 
of  inffn-fiHi-*!  tnni-mlM'ioii  fnnn  |>a*sive  byi>encmia,  due  to  tbe 
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inability  of  the  heart  to  maintain  the  normal  force  of  the  cir- 
culation. Renal  dropsy  results  from  alterations  in  the  blood 
as  u  consequence  of  its  loss  of  albumin  and  possibly  also 
from  degenerative  changes  in  the  vaiHiular  walls.  CaehecHe 
cedemii  is  associated  with  almost  any  condition  of  impaired 
health  accomiranied  by  aneemia.  Ijocalized  €edemaa  are  some- 
times associated  with  lesions  of  the  nervous  system,  as  those 
attending  neuritis,  neuralgia,  and  occasionally  hemiplegia. 


atheromatous  vcttsets.  In  the  so-railed  neuropathic  r 
iKXJurriiig  in  iliscases  of  the  nervous  fij-stt-m  an  imiwrtint  part 
i.-i  undoubtedly  played  bv  trauma  and  circulatory  disturlKinces. 
Under  the  microtimpe  it  is  noted  that  the  cell-nucleus  loses 
its  affinity  for  nuclear  dyes — "  chromolysis" — or  the  chronia- 
toplastic  substances  are  broken  up  into  fr^ments — "  karyo- 
lysis" — and  the  nucleus  finallydisintegratesand  disappears,  the 
cell -protoplasm  becoming  homogeneous  in  appearance.     There 


FU-nccxMli-    The  ■bniM  

CTOMd  MlU  on  the  riRbl  is  well 
Bnely  ijrmnulsr.    ( Fnjin  a  »i«clnii 

is  always  more  or  less  inflammatory  reaction  in  tlie  summnd- 
ing  titisues.  Complete  regeneration  or  cicatrization,  calcifica- 
tion, orcvHtic  formation  may  follow. 

Several  varieties  of  necrosis  are  usually  describe*! :  Oxiffula- 
Uon-nerro»U  is  a  variety  in  which  there  is  coagulation  of  the 
fluids  normally  prewnt — lymph — or  of  inflammatory-  esuthites, 
and  the  cellidar  protoplasm  of  the  tissue.  Fibrin  is  deftosited 
in  the  form  of  granules  or  fine  fibrilW  ;  the  cells  low  their 
nuclei  and  their  protoplasm  lM?comes  granular.  The  neces*ary 
ferment  to  produce  this  coagidation  is  derive<l  either  from  the 
degenerating  and  disintegrating  cells  or  from  bacterial  prod- 
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Fattr  infiltration  may  be  a  physiological  or  a  patbolt^ical 
process.  It  octmrfi  phyisiologii'ally  under  the  skin,  between 
museles  and  siirnmnding  organs;  pathologically  in  abnormal 
places,  as  between  individual  ninscle-iibres,  and  in  normal 
situations  in  great  excess,  as  in  general  obesity.  It  is  due 
to  either  the  over-production  of  lat  or  its  deficient  consump- 
tion. Fatty  infiltration  of  the  liver  may  be  produced  experi- 
mentally in  the  lower  auimalii  by  uu  e.\cess  of  fatty  food  and 
restriction  of  oxidation  by  preventing  muscular  movement. 
In  phthisis,  cancer,  and  severe  anemias  the  explanation  seems 
to  be  found  in  lessened  oxidation.  In  chmuic  alcoliolism  the 
change  often  occurs,  the  alcohol  being  oxidized  in  place  of  the 
fat. 

The  fat-drops  are  larger  than  in  fatly  degeneration,  and  are 
found  either  between  the  tissue-elenientji  or  within  the  cells, 

Fib.  112. 


inklc  hy  an  epilhelloroi 
und  Hdipoae  tluue  Bp- 


the  nucleus  and  protoplasm  being  pushed  one  side  until  the 
cell  is  like  a  vesicle  filled  with  fat  (Fig.  112).  The  liver 
is  frequently  aflected  in  advanced  phthisis.  On  section  oil 
accumulates  on  the  knife  or  may  be  scraped  from  the  cut 
surface.  The  affected  oiyan  is  enlarged,  heavy  but  of  less 
specific  gravity,  soft,  less  elastic  and  doughy,  and  of  a  light 
yellowcolor,  or  mottled,  if  the  change  is  not  uniform  through- 
out. In  the  liver  the  change  in  particularly  noted  in  the 
periphery  of  the  acini,  giving  them  a  pale  yellow  margin. 
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In  fiitty  infiltration  of  the  heart  the  nmscle-fibres  are  not 
riei'i's.s:iril y  afTri'tfii,  jind  eonseqitently  there  is  little  or  no  firne- 
tiijiinl  imjiairiiiiiit,  though  by  iiiterferiug  with  the  local  blood- 
siijjjily  till'  I'diidiiion  may  become  ooe  of  fatty  degeneration. 

Fattf  degeneration  is  caused  by  local  interference  with  the 
blnraUsiipply,  aniemias,  and  high  temperature.  Poibous  such 
iw  nierc'ury,  arrwiiic,  lead,  phosphorus,  ether,  chloroform,  and, 
of  still  greater  interest  clinically,  the  toxins  of  mioro-organ- 
isriis  are  frequent  causes.  The  cell  is  ahruuken,  not  swollen, 
its  outline  irregular,  and  the  nucleus  destroyed.  Tiie  oil-drops 
are  .■^mailer  aud  do  not  tend  to  run  bother  as  in  fatty  infiltra- 
tion, appeiiring  in  the  cell  first  ns  small  shining  granules  near 
the  nncleuH,  There  is  a  gradual  liquefaction  of  the  ceils,  end- 
ing in  their  death. 

Any  tissue  iu  the  body,  with  the  exception,  in  the  blood, 
of  the  red  gliihules,  may  be  affected;  but  the  parenchyma- 
CflU  of  the  liver,  kidney,  heart,  and  central  nervous  nyatem 
most  often — the  interstitial  tissue  being  possibly  later  affected. 

The  fat-drops  are  distinguished  rht-niical/i/  by  their  insolu- 
ility  in  acetic  acid  and  weak  solutions  of  sodium  and  potas- 
I  hvdroxide;  and  bv  their  sohibilitv  in  alcohol,  ether,  and 
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found  on  t!ie  addition  of  methyl-  or  gentian-violet,  producing 
a  liruiitifiil  ro!«.'-pink,  wliilellie  normal  tissue  Btuinn  bine. 

Tlie  ulianges  are  freriuentlj-  so  extvnsive  in  all  the  organs 
in  tile  Ixxly  and  the  resulting  symptoms  sm  numerous  that  it 
is  often  referred  to  as  lardaceoug  iligeasc.     Tlie  organs  most 


Amyloid  inflUnlloD  in  the  Uvit  iThornii.    . 
snnnanilcil  hr  the  eiidnlhellal  «aM  or  (liv  >es: 
diBlcly  benMth  the  endnlhellum ;  f.epUheUal 
■ume  or  tthli^h  Bhow  B  liitly  iiitHlntlou. 


-InbtilBr  c&pniarji, 

ijlold  au balance  [mme- 
hepatif  iwreuchjmi, 


frequently  aifected  however  are  the  Hver,  kidney,  spleen, 
lymphatic  glands,  inte^linal  trnot  and  suprarenal  capaules. 
The  change?  begin  in  the  inner  coat  of  the  smaller  capillaries, 
and  later  affect  the  ccIIh  and  interstitial  substance  of  the  sur- 
rounding ti^■•uo,  extending  nlnng  the  course  of  the  hlood- 
VCfwels.  If  e\teii-i\cly  intiltnited,  the  organ  is  increiiswl  in 
Hiiie ;  is  pale,  firm,  and  gli-teiiing  in  appearance.  The  change 
may  be  quite  extensive  and  jet  only  noted  on  micro.ecopical 
examination.  The  parcnch\mn-eell3of  the  oi^n  swell  and 
become  less  angular. 
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TIk  rnnctiun  of  Uie  pari  U  impaim]  br  resaoa  at  tbe  inl 
fetnww  Willi  the  bloo<i-$upplr  and  di^ilaoeiiieot  of  tlie  proper 
tHMie-«lementii.  Tbe  ^ple^  b  Qgmlly  the  eariirst  ni^n 
involved,  t>«giniiing  in  tho  Malpigfaian  follicba,  vbidi  beoo^w 
large,  pale  and  traoiiliic^nl;  and  re^CTn ble  graios  rfago  hence 
Uie  lenn  eaK^Mipleen. 

Tbe  ooDuitiMii  ocu-urs  most  frequently  in  connectioo  witb 
long-continued  Mipjiurstive  {irocessee ;  with  ^y[Jnlis  and  tuber- 
ctlloNW ;  and  not  so  freqcientlj-  with  other  cachexias — cancer, 
leukiemia,  Ay^ntery,  and  malaria,  and  in  a  ft^w  instances  with- 
out any  apparent  cauee. 

OOU0U,  mncoid,  atKl  tayaline  degeneratJons  are  all  closely 
alli<.-d  atiil  but  littk-  iindeivttMx). 

11.  f'tiUf/i'i:  TIiu  [inituIy|K-  of  tlii?  variely  is  the  colloid 
material  of  ihc  thyroid  gland  (Fig.  114),  sumewliat  similar 
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ill  nt)|>(>amii<'<i  to  mucus,  but  firmer.  The  change  affects  mainly 
epitlielial  cclii^  and  in  most  often  seen  in  cystic  goitre  and  in 
new  growths — c.  t/.,  colloid  cancer — giving  rise  to  a  gelatinous 
appcamiicc.  In  ovarian  cysts  tlie  locnii  are  fioiiielimcs  filled 
with  (rolloiil  mnsi'cs. 

b.  Afitmidi  The  phyMio logical  type  of  tliis  change  is  found 
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in  the  mucous  secretinnn  of  many  glands.     The  change  afTccts 
liiith  epithelial  and  connective-tissue  Htnictures,  l>ut  tlie  latter 
is   of  the    Kft'flt*''    importance 
pathological  ly.      The     affected  Fio.  115. 

area   has  a  translucent,  gelati- 
nous, and  swollen   apiieamnce. 

The  most  remarkable  condi- 
tion in  which  it  ia  found  is  in 
what  is  known  as  myxiftUmn, 
the  chief  clinical  characteristic 
of  which  is  a  i>eciiliar  swelling 
of  the  skin  and  subcutaneous 
connective  tissue,  which  differs 
from  ordinary  anassirca  in  not 
pitting  on  pressure. 

c.  Hyaline  dfgenerfUion  is 
very  closely  allied  to  amyloid. 
It  occurs  in  connective  tissue 
and  the  walls  of  hloo<]  vessels. 
The  material  has  a  glistening 
waxy  appearance  but  is  less 
translucent  than  amyloid,  the 
staining  reactions  of  which  are 
al.w  absent. 

Cloudy  swelling,  parencIiTma- 
t«UB  IT  granular  degeneration, 
arc  terms  ii'^cd  to  <le>y.Til>i'  a  re- 
trograde change  in  which  the 
elements  affected,  especially  epi- 
thelial and  muscle  cells,  are 
swollen  and  cloudy  and  tilled 
with  minute  albuminous  gran- 
ules. The  outline  of  the  cell 
becomes  indistinctand  distorted, 
the  nucleus  however  remaining 
oiVn  but  little  altered.  These 
graaules  are  insoluble  in  ether, 
but  soluble  in  dilute  acids  and 
caustic  polish.      The  whole  organ 
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s  swollen,  less  translucent, 


dull  grayish,  cloudy,  and  amemic — looking  as  if  it  had  been 
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boiled.  The  change  may  occur  in  any  organ  in  the  body,  but 
is  iiKKst  frequent  in  the  liver,  kidney,  heart- muscle,  and  mucous 
mcuiliranc  of  the  gastru- intestinal  tract.  It  occurs  in  all 
influm motions,  in  acute  inlectious  diseases,  fever,  after  burns; 
and  in  poistming  from  piiosjiliorus,  arsenic,  and  mineral  acids. 
The  cells  either  soon  recover  or  the  process  quickly  passes  on 
to  fatty  degeneration. 

Calcareous  mfiltiation,  or  calcificatdon,  is  the  impregnatiun  of 
ti:-siics  with  the  saltri  of  Unie  in  the  form  of  the  insoluble 
car!>imut«  and  pho.s|ihat<'.  All  parts  arc  alike  susceptible, 
both  the  cells  and  intercellular  substance,  llioiigh  the  latter  to 
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cella  with  epilhellBl  rhnnicliT:  b.  pigment  cbIIb ;  f.Htroma  with  lilDOdTmcU 
and  pigment,    x  300  (Zlegitr), 

the  greater  ilegree.  The  reason  of  this  deposit  is  not  clear, 
but  it  is  always  connected  with  a  lowered  state  of  nutrition. 
The  tissue  appears  dusted  with  little  fine  granules,  which  iu 
the  earliest  stage  might  be  mistaken  for  fat ;  but  they  dissolve 
on  the  addition  of  hydriKihloric  acid — and  with  effervescence 
if  the  carbonate  is  present  (Fig.  115). 
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These  minute  refractive  ginnules  enlarge  and  extend,  aud  sm 
form  darli,  ojkkiuo,  granular  pat^^hee — white,  grayish,  or  yel- 
low in  t(jlor  niaero!icoi>ically.  Physiologically  the  condition 
oc(^^iini  ill  the  pineal  gland,  choroid  plexus,  in  cartilage  in  old 
age,  and  ni>tably  in  the  development  of  bone.  The  most 
frequent  pathological  sites  are  the  valves  of  the  heart,  arterial 
walls,  cast'oiis  lymph-glands,  and  in  myoma  uteri  when  the 
l>I(«Kl-siipply  is  poor.  It  may  be  noted  in  necrotic  tubercular 
fotn  and  iiifiircts. 

PigmentaiT  infiltration,  or  abnormal  pigmentations,  de^wnd 
on  both  iutrinsic  and  extrinsic  sources  of  supply,  the  former 
being  either  hiematogenous  or  non-hGcniatogenous. 

1,  Iiihimk:  a.  Utetnafogenous.  There  are  two  varieties 
of  pigment  derived  from  hiem<jg]obin  when  red  blood-cells  are 
<lcstroyed :  lupmosidcrin,  which  contains  iron,  and  hicmutoidin, 
which  does  not. 

Hemosiderin  gives  the  characteristic  chemical  ifartions 
of  iron,  and  occurs  in   minute  gnuiule.s  in  the  liver-cella  in 
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pernicious  amemia;  and  is  found  also  in  the  spleen,  renal 
epithelium,  and  me<1u11a  of  l>nn«  in  this  disease,  in  leukicmin, 
malaria,  severe  cachexias,  in  [wisons,  and  septic  processes. 
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Hiematoidin  is  found  in  rhombic  crystals  or  granular  in  old 
blood-clots,  free  or  within  leukocytes  and  other  cells. 

b.  Of  non-hieraatogenous  pigments,  melanin  is  the  most 
im|)ortant.  It  is  elaborated  by  living  cells,  and  contains  no 
iron.  Granules  of  melanin  vary  in  color  from  yellow  to  black. 
It  is  note<l,  among  other  instances,  in  melanotic  sarcoma  (Fig. 

IK)). 

2.  Extrinsic:  Extrinsic  sources  of  pigment  are  very  numer^ 
ous,  the  material  being  absorbed  either  through  the  lungs  or 
gastro-iiitestinal  tract  Carbon  is  one  of  the  most  common 
varieties  of  extrinsic  pigment.  When  coal-dust  is  inhaled  it 
gives  rise  to  deposits  of  pigment  in  the  lungs,  the  condition 
being  known  as  coal-miners'  lung,  or  anthracosis  (Fig.  117). 
Siderosis  is  similarly  produced  by  the  inhalation  of  fine  parti- 
cles of  iron,  the  lungs  becoming  rusty  in  color.  In  chalicosis, 
stonemiisons'  lung,  the  particles  are  white  and  the  lung  con- 
sequently abnormally  pale. 

In  ar^yria  silver  is  absorbed  from  the  gastro-intestinal 
tniet  and  afterward  deposited  in  the  tissues  as  an  albuminate. 
The  condition  was  more  often  seen  when  silver  was  popular 
in  the  treatment  of  epilepsy  and  other  diseases  of  the  nervous 
system. 

Atrophy. 

The  term  atrophy  means  literally  want  of  food.  The  af- 
fected orjran  undergoes  a  more  or  less  uniform  reduction  in  size 
and  weijj^ht.  It  may  be  congenital— a^i^enesia — or  acquired. 
In  true  atroj)hy  there  is  a  decrease*  only  in  the  size  of  the  cells 
of  the  tissue,  their  number  remaining  normal.  A  decrease  in 
the  number  of  cells  is  sometimes  spoken  of  as  apUifnciy  or 
more  generally  as  ninncTical  atroj)hy.  Iliipophma  is  a  failure 
of  the  cells  to  reach  their  natural  size. 

The  condition  is  seen  phj/siohf/icollj/  in  the  thymus  gland 
in  the  secon<l  year  of  life,  in  the  generative  organs  at  the 
climacteric,  and  in  the  general  atrophy  of  old  age. 

Pathologically  deficient  blood-supply,  if  lonii:  enough  con- 
tinned  but  not  too  severe,  is  an  important  cause.  Under  this 
head  would  come  pressure-atrophy, — c.  r/.,  the  absorption  of 
the  bodies  of  dorsal   vertebne  by  an  aortic  aneurism — ^and 
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also  atrophies  from  (liyease,  as,  for  example,  the  giit  below  a 
lumbar  eolotomy,  which  becomes  thf  size  of  oue's  little  finger. 
There  are  many  instunueti  of  atrophy  due  to  disturbancca  of 
normal  nerve-influences,  as  that  resulting  in  the  sjilivary  gland 
after  cutting  ofl'  its  nerve-supply. 

Atrophy  is  usually  associated  with  other  dcgenenitive 
changes,  especially  fatty  degeneration  and  Oit  lei  6  cat  ion.  Ac- 
companying the  atrophy  of  the  cells  proper  of  a  tissue  there 
is  often  an  increase  in  its  connective  tissue,  as,  for  instance,  in 
pseudohypertrophic  paralysis.  In  the  liver  and  kidney  this 
increase  in  conneclivc  tissue — cirrhosis—  is  often  looked  ujwn 
as  an  evidence  of  chronic  interstitial  inflammation  in  contra- 
distinction to  parenchymatous  inflammation. 


Hypertrophy. 

Tlie  term  liypertroph7i  which  properly  means  over-feeding 
or  over- nourishment,  is  applied  to  an  overgrowth  of  an  organ, 
without  marked  alteration  from  the  normal  structure.  It 
implies  more  than  mere  enlargement.  A  carcinomatous  liver 
ix  enlarged,  but  not  hypertropliied. 

In  true  hypertrophy  there  is  an  increase  only  in  the  size  of 
the  cells,  Hi/perplMaa,  or  numerical  hypertrophy,  is  an  in- 
crease in  their  number,  their  size  not  being  inereasetl  but 
even  diminishe<l.  Pkyaioloffieallj/  this  condition  is  seen  in  the 
enlargement  of  the  uterus  following  impregnation,  and  gigan- 
tism is  a  remarkable  example  of  general  hypertrophy.  I'titho- 
logiixiUy,  in  lenkatmin,  the  spleen  is  found  hypertropliied  to 
several  times  its  normal  size  and  weight. 

Causes :  Increoset)  functional  activity,  which  means  also  in- 
creased nourishment,  is  a  most  important  factor  in  the  pro- 
duction of  many  hypertrophies.  vV'hen  increased  work  is 
thrown  upon  the  heart,  for  example  as  the  result  of  valvular 
disease,  it  becomes  hypertrophied.  Stricture  of  the  urethra 
causes  hypertrophy  of  the  walls  of  the  bladder.  When  one 
kidney  is  removed  there  is  a  compenaitory  hypertrophy  of  its 
fellow.  So  also  when  part  of  a  secreting  gland,  like  the  liver 
or  pancreas,  is  removetl  there  is  often  a  liyi>ertropliy  of  the 
remaining  portion. 
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Fibrosis. 

Id  fibrosis,  or  fibroid  substitution,  there  is  a  wastii^  of  the 
true  parenchyma- cells  and  an  increase  in  the  conneotive  tis- 
sue. It  is  not,  strictly  speaking,  a  degeneiation  except  Id 
that  the  new  material  is  considered  interior  to  the  original. 
When  the  change  takes  place  in  the  central  nervons  srstem 
it  is  KDoken  of  as  a  sclerosis ;  in  the  liver  and  kidney,  aa  oirriio- 
sts.  It  IS  often  r^arded  as  an  evidence  of  chronic  inflamnia- 
tion,  for  we  know  that  there  often  results  a  great  increase 
in  the  amount  of  connective  tissue  in  an  area  so  affected.  But 
the  change  often  occurs  where  there  has  been  no  inflammation. 
In  pseudohypertrophic  paralysis,  which  is  not  usually  re- 
garded as  an  inflammatory  process,  the  true  mnscle-cells  are 
almost  entirety  atrophied,  yet  by  reason  of  the  increase  in  the 
connective  tissue  the  calves  of  the  I^  are  greatly  enlarged. 
In  fibroid  lieart  and  the  various  scleroses  of  the  central 
nervous  system  there  is  considerable  doubt  about  the  inflam- 
matory nature  of  the  change.  In  the  liver  and  kidneys,  how- 
ever, it  is  undoubtedly  a  frequent  sequel  of  long-continued 
inflammations. 

TUMORS. 

Deflsltion :  A  tumor  is  a  non-inflummatory,  circumscribed 
swelling  which  has  no  function. 

Etiology :  Tliongh  a  great  many  theories  have  been  ad- 
vanced, we  actually  know  but  little  as  to  the  causation  of 
tumors.  The  older  authors  referred  to  a  jieeuliar  constitu- 
tional dyscrasia  in  this  connection.  Vircliow  laid  gieat  stress 
upon  some  unusual  irritant  as  the  exciting  cause,  as,  for  in- 
stance, cancer  of  the  breast  following  a  blow  or  other  injury 
to  the  part;  or  the  development  of  an  epithelioma  of  the 
tongue  at  the  site  of  chronic  irritation  produced,  for  instance, 
by  a  Japged  toolh,  Cohnheim  advanced  the  theory  that  "in 
an  early  stage  of  embryonic  development  more  cells  are  pi'o- 
duced  than  are  required  for  building  up  the  jKirt  ooneenied, 
BO  that  there  remains  a  certain  nimiber  unappropriated,  which, 
owing  to  their  embryonic  character,  are  oiinowed  with  a 
marked  cajiacih'  for  proliferation,"  Scmie  irritant  or  injury 
causes  a  flux  of  blood  to  the  part  and  determines  the  multi^ 


plication  of  the  oell-s  wliicli  until  that  time  have  remained 
dormiint. 

With  rt-pjird  to  the  parajtlltr  oriffin  of  nialiKnant  tumors, 
tbe  many  points  of  similarity  in  their  cliniou  history  aud 
that  of  certain  infv<-tious  diseases,  such  as  tulwrculosis,  are  at 
least  very  mi^estive.  Should  their  parasitic  origin  be  <lemon- 
stratefl  they  would  no  longer  beclassed  with  tumors,  but  with 
the  infective  granulonmta,  which  they  closely  resemble  In  many 
respects.  The  parasite  of  cancer  is  described  as  a  protozoon. 
The  true  signiRcance  of  the  bodies  so  described  is  as  yet  W' 
judicc.  An  epithclinma  has  i>eeu  successfully  transmitted 
from  one  animal  to  another  by  artificial  inoculation. 

The  predixposmg  influence,  of  age  is  an  undoubted  factor, 
some  tumors  only  occurring  at  an  advance*!  age,  while  others 
occur  preferably  in  the  young, 

Heredily  plays  a  dimbtful  r6h;  the  imixirtance  of  which  has 
been  greatly  overestimated, 

Clasaiflca,tiDn :  Tumors  have  been  variously  cla>isifiGd. 

Clinically  they  are  divided  into  bcnirjn  and  mafignaTit.  The 
former  are  not  dangerous  except  by  reason  of  pressutr  they 
may  exert  on  vital  structures,  or  liy  uiechanically  interfering 
with  the  function  of  a  part,  as,  for  instance,  by  a  lunior  of  the 
brain  or  larynx. 

The  latter  threaten  life  and  are  chiiracterizwl  by  certain 
well-rec(^nii!«d  criteria  of  maliKnaiicy : 

First,  a  tendency  of  the  rapidly  uiiilliplyinf:  celts  of  the 
tumor  to  break  through  normal  liarrFcrs  aud  spread  locally, 
iryiltralint)  aitrroHrnltng  tinaueii.  This  is  especially  true  of  the 
malignant  variety  of  epithelial  tumors — carcinoma — and  to  a 
less  extent  of  sarcoma,  the  malignant  variety  of  the  con- 
nective-tissnegroiip.  An  adequate  explanation  ofthis  charac- 
temtio  is  entirely  lacking.  The  imagination  of  one  author 
goes  so  far  as  to  enable  him  to  see  in  the  inRltrating  cells  of  a 
carciDoma  only  a  host  of  invading  parasites.  In  a  child 
some  irritant,  as  dirty  hands,  may  e.\cite  the  multiplication 
of  epithelial  cells,  which,  piling  up  and  cornifying,  constitute 
a  benign  wart ;  while  in  one  advancoil  in  years  a  similar  irri- 
tant induces  a  rapid  uuilti plication  of  epithelial  cells,  which, 
instead  of  piling  up  on  the  surface,  invade  the  underlying 
es,  thus  constituting  a  most  malignant  tumor,  a  caroi- 
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lymphangcioma  of  lynipbatics.  Corresponding  to  the  two 
types  of  trt)«(c/f-/(8SHf — thf  uniitriped  ami  tile  striped — we  have 
the  leiomyoma  and  the  rhabdoniyonia. 

The  nruromaln  find  their  physiological  prototype  iii  the 
nerve-fibres  and  ganglion-itells  oi  the  central  nervous  Gyfttcm. 

Whereaij  connective-tissue  tumors  contain  no  epithelial 
tisRUe,  in  another — the  ejnthelial — group,  the  neoplasm  is 
formed  almost  entirely  of  epithelial  elements,  only  supported 
by  a/rnrnpu'ori  of  connective  tissue.  This  group  includes  tho 
papil/otna,  the  microscopical  structure  of  which  closely  resem- 
oles  the  papilla;  of  the  nkiu  or  the  A'illi  of  the  intestines ;  and 
the  adenoma,  in  which  tlie  epithelial  cells  ore  arranged  in  such 
a  manner  as  to  imitate  iinrmal  glandular  structures  with  a 
certain  degree  of  exactitude. 

On  the  other  hand  the  niicniscopical  structure  of  the  malig- 
iiani  tumorg—  the  siin-dmnta  and  careiuomata — does  not 
correspond  with  any  normal  type  of  tissue,  but  id  eutirely 
aiyulcal. 

The  sarcoma  is  a  very  cellular  and  highly  vascular  connec- 
tive-tissue tumor  which  histologically  resembles  oneoranother 
stage  of  granulation-tissue,  several  varieties  being  descrilxnl 
acconling  to  the  character  of  the  cells  of  which  it  is  formed ; 
the  small  rounil-celM  sarcoma  having  the  microscopical  ap- 
pearances of  the  earliest  stage  of  granulation -tissue  ;  and  the 
smndle-cdied  sarcmna,  that  of  a  later  stage  of  granulation- 
tissue  as  its  development  approaches  fully  formed  fibrous- 
tissue. 

The  carcinoma,  which  is  composed  of  epithelial  cells  atypi- 
cally  arranged  in  a  more  or  less  denw  connective-tissue 
stroma,  is  likewise  described  according  to  the  character  of  the 
epithelial  cells  of  which  it  is  composed,  vi^.,  the  sqtuimiytiK- 
ceUcd  can?inoma,  or  epithelioma ;  the  cofumnar-cefM,  or 
adeno-carcinoma,  and  the  sphrroidnf-ceUed,  or  carcinoma 
simplex. 

When  a.  benign  tumor  becomes  malignant  it  still  conforms 
to  its  own  type  nf  tissue ;  that  is  to  «iy.  one  of  the  connective- 
tissue  group  becomes  sarcomatous  and  not  carcinomatous,  and 
one  of  the  epithelial  group  becomes  carcinomatous  and  not 
sarcomatous. 
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ulerus,  an«i  kidneys.     Tlioy  are  liable  lo  umlorgo  miicuiil  and 
tatty  degeneralion. 


A  lipoma  is  a  tumor  comixised  of  fatty  tissue,  similar  to 
uorinnl  a<Ii[>oso  ti^ue,  except  that  the  fat-eells  are  larger, 
contain  more  oil,  ami  are  not  so  regularly  arranged.  They 
are  lolmlated,  oflcn  grow  to  enormous  size,  and  sometimes  are 
multiple  (Fig.  119),  They  are  most  common  in  the  sub- 
cutaneous fatty  tissue  of  tno  back,  shnulderx,  and  buttocks. 
They  are  liable  to  myxomatous  aud  cystic  degeneration  and 
odcificatiun. 

A  tnyzoma  is  a  liimur  cfjmpfised  of  mucous  tissue — Mniilar 
to  that  of  Wharton's  substance  of  the  umbilical  cord  and  the 
vitreous  humor  of  the  eye,  which  consists  of  a  gelatinous, 
homogeneous,  or  slightly  granular  matrix  erossed  by  fine 
fibrilUe,   in   which   arc   imbedded   irrc^ihtr   branching  and 
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anastomosiing  sttUate  or  spindle-shaped  connective-tissue  ccUb 
(Fig.  120). 

But  few  tumors  are  eutirely  myxomatous,  being  combmea 

with  other  forms  of  counective  tissue,  const!  tutiugfibroniyxoma, 
lipomyxoma,  cLondromysuma,  myx 


^ft^W 


Lipoma   of  the  kidney  {Blrcb-Hirfi 


They  are  found  in  submncom^  and  suIjcu  tan  eons  tisene,  ia 
llie  niiinimnry  and  parotid  glands,  anti  marrow  of  bone. 

A  chondioms  is  a  tunH>r  composed  of  livuline,  elaetic,  or 
fibpo-cartilage  or  more  frequently  of  a  combination  of  these 
varieties  of  normal  cartilage,  tiiffering  therefrom  in  that  the 
cells  are  much  less  i-egiitarly  arranged.  Hyaline  cartilage  is 
the  form  most  frequently  fonnd  (Fig.  121).  If  tlieyoccnr 
in  situations  in  which  cartilage  normally  exists,  tlicy  are  called 

'  mdromaia,  or  cartilaginous  outgrowtiis.    When  they  oocur 


in  other  situations,  aa  in  the  testicle,  parotid  and  mammary 
glandfl,  thev  are  called  mehondromaift.  Tliey  are  liable  to 
ualcilicati<»n  and  retrograde  changes. 


An  osteoma  is  a  tumur  eoinposed  ul'  bono,  :iiid  may  be  of 
either  the  dense  or  eflncelluui^  variety.  It  is  said  to  be 
heterologus  when  otx^urring  in  urguns  iiuconncutvd  with  bone. 


{ 
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as  in  the  skin,  lung»,  mcningefl,  testicle,  and  parotid  g^uid.    If 

occurring  as  an  oiitj 
ostoaea  (Fig.  122). 


occurring  as  un  outgrowth  from  bone,  they  are  koowo  m  ez- 

■    i(>ig  —• 


Ad  angeloma  is  a  tumor  oompoeed  mainly  of  bloodveaaels. 
There  are  two  varieties — aimple  and  cavemoua.  In  liinpls 
uigeioma,  or  tdeangiettaMs,  there  is  an  abundant  plexus  of  ar- 
teries, veins,  and  capillaries  as  found  in  the  skin  in  nam. 
They  also  occur  on  muoous  sur&oes  and  rarely  in  the  internal 
01^  ns. 

OaTeinovB  angsioma.  which  is  the  more  oommoo  variety,  re- 
sembles niicroscopically  the'tiaeue  of  the  corpus  caveroosum 
of  the  pcniH,  being  made  up  of  large,  irregularly  shaped,  in- 
terraniniiinicating  spaces  filled  with  blood,  lined  by  endothe- 
lium, and  separated  from  each  other  by  connective-tissue  par- 
titions. They  are  most  common  in  the  iiver,  but  are  found 
also  in  the  spleen,  kidney,  and  ntcrus. 

Lymphangeiomata  are  formed  of  dilated  lymphatic  vessels 
identical  in  structnre  with  the  hteniangciomata.  Cavernous 
lymphangeiomata  have  l»en  occa^iionaliy  found  in  the  kidneys 
an<)  lymphatic  friands.  In  congenital  enlargement  of  the 
tongue — macrogiu^sia,  and  of  the  lips — maen)clieilia,  and  in 
elephantiasis,  there  is  a  difiTuse  dilatation  of  lympliatic  struct- 
ures. 

Sarcoma. 

A  sarcoma  is  a  riolily  cellular  malignant  tumor  of  the  con- 
nective-tissue group,  which,  liistologtcally,  resembles  granula- 
tion— ('.  c,  embrionic  or  undeveloped  eonnectivc  tissue.  The 
Cf//",  n>und  and  spindle-shaped,  are  greatly  in  excess  of  the 
interecllnlar  siibstanee.  The  more  oellular  its  structure  the 
greater  the  malignnney  of  the  growth.  Though  tlic  amount 
of  the  intercellular  substance  may  tw  very  scant,  yet  it  may 
be  of  such  quantity  and  character  as  to  give  rise  to  sjiecial 
varieties — fibrosarcoma,  myxosarcoma,  ehondrosareonia,  and 
osteosnreoma.  The  bloo»l vessels,  which  in  some  instances  are 
extremely  abundant,  are  simple  clutnncls  linctl  with  a  single 
layer  of  cells. 


ROVSDCEI.LED  SARCOMA TA.  2J)r» 

Sarcomata  are  liable  to  retrograde  metamorplioses — fiitlv 
degeneration,  ca««tioii,liquefactioD,  and  ulceration.     Accorcf- 


SmalL  rouna-celled  (■rcomsof  ihc  neck.  Feclion  only  modcnitclir  magnined,  rtcw- 
liiRtboeilrem^ljCKllutar  cliuvi'tcror  the  iirowtb;  Lhe  iftfX  rrJBlillily  nf  tliu 
lluue  la  owing  to  lhe  mliilniBl  ■uiuuul  orlnterctllulu  lutiaUnve  It  cuutBlnaiuid 


ir  aud  the  walla  of  rela- 


ing  to  the  character  of  the  predominant  celtrf,  several  rnruHe^ 
are  di'scribed  : 

Bound-celled  sarcomata  have  tlitir  [irotdtvpc  in  the  cariy 


l^*^.. 


ITKC  iviund-rplleil  larcoma  dI 


*lxtT«ne  rean.  and  in  U 
Uokonr-uul  (Dunbani). 


ihH  toninie.    n.  large  roiiiiil  rell  contnlnlng  ll 
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tomiil  most  commonl/in  the  skin,  test 
teilm,  bone,  and  snIjciitaDeons  connect 
occur  in  l)mpl,-g|a„J,  a„d  adenoid  I 
hranes  thej  are  desienated  Imipliomrco 
appearance  of  tlieir  supporting  stpo 
place  llirongh  the  l>loodve»scls,  Jirand 
moat  frequently  in  tlie  lungs. 

Siliidle-oelled  .arconata  |,ave  tlieir 
advanced  stage  of  grannlation-tissue- 
betnecu  granulation-tissue  and  young 
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of  sarcoma  vary ;  thev  niaj'  be  siicli  at*  bi  sug^st  tiie  term 
filirosjircomu,  myxosarcoma,  cliundrosircomu,  etc. 

Qiant'Celled  or  myeloid  B&rcomat&  are  clianictertzcHl  1)Y  the 
presence  of  large,  fiat,  irregularly  shn]>eil,  miiltiiHicIi«te»l  cells, 


[rowih  is  oompuKd  ot  nplmllc-ctllD  and  ■  n 
Uular  RubsUiKv.  The  luin-ir  hu  rcmuvpd 
■nd  wts  of  slow  grnmh,  having  allalned  II 


and  arise  must  fre(|ucnt]y  from  the  marrow  ur  periosteum 
of  bone  (Fig.  126).  They  are  of  slow  growth  and  less 
malignant  than  the  other  varieties,  though  metastasis  may 
occur. 

Alveolar  Barcoma  is  a  ver)'  malignant  variely,  which  Iwars  a 
close  re^ciiililancc  to  cancer  in  that  the  cells  are  arranged  In 
an  alveolar  filinju:*  -itroma.  The  cells,  however,  are  not  of  an 
epithelial  ty|>e,  and  are  »eparate<l  from  each  other  by  tine  Ira- 
beculieextending  in  from  the  alveolar  walls  (Fig.  127).  They 
are  most  frequent  in  the  skin,  uceurring  also  in  lymphatic 
ghin<ls  mid  serous  membranes. 

Angeiosarcomata  arise  from  the  adventitia  of  blixx  I  vessels, 
which  are  surrounded  hy  the  masses  of  proliferating  round 


I 


■nil  iijil»" 


endothelial  cells  lining  tlic  lymph-vespels  and  spaces  from 
which  they  have  devehtped  (Fig.  128).  Degenerative  changes 
and  subsequent  cakareotis  infiltnitiou  give  origin  to  the 
so-called  psummoniHta  or  "sand  tumors"  of  the  brain. 
They  occnr  in  the  pleura,  peritoneum,  and  meninges  of  the 
brain. 

Melanotic  sarcoma  is  an  exceedingly  malignant  varie^ 
arising  from  pigmented  tissues,  such  a."  the  skin,  choroid  coat 
of  tiie  eyp,  and  pi:i  muter.  Its  structnrcmay  lielliat  of  any  of 
tlie  alvive  varieties,  thongh  it  is  usually  fpindlc-cclled.  The 
s(^condary  metastatic  growtlis  are  likewise  pigmented 
of  similar  structure. 


ted  and    ^H 
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Papilloma  and  Adenoma. 

A  papilloma  i    i   i  nil  k      v  r       ii  i  <i)|ii]k>s<k1  <)f  (lapillfe 

pcsemblinj:  tl     t    I  tl       1  in    in  i  i  itu  i  -.  incmhrani's  or  the 


Jied  in-ciUr  linne     ••  ■  avoniwHl  en  un  of  eiidothelitil  cells:  1.  A,  si 
croied  maues  Uwt  have  uudergoiic  hya^ae  deseDenllon. 
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acinous  glandular   stnictitres  {I*"'g-  1 
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excretory  ducts  often  lends  to  cystic  dil 
or  acini,  from  the  iiccitniulatiun  of  1 
glandular  elemcntH,  giving  rise  to  the 
From  the  walls  of  aiicli  cyst,'!  papilli 
occur.  ^^^^^^^^^ 


Adenoma  of  thp  liver  probably  arisos  from  the  bilo-ducts,  as 
ita  epithelial  elements  differ  in  structure  from  the  hejietic 
cells. 

Carcinoma. 

A  carcinoma,  or  aiiioer,  is  Hie  malignant  variety  of  the  epi- 
thelial-tisHiic  croup  of  tumors.  The  arrangement  of  the  rap- 
idly multiplymg  epithelial  cells,  of  which  tne  tumor  in  mainly 
composed,  with  reference  to  the  connective- tissue  stroma  is 
atypical,  peculiar  to  carcinoma — not  seen  in  any  other  tissue 
in  the  boily,  though  often  sugEcstive  of  glandular  structures. 
The  cells  originate  from  surface  or  glandular  epithelium ; 
breaking  through  normal  anatomical  boundaries,  they  infiltrate 
the  surrounding  connective  tissue,  which  in  its  turn  thus  pro- 
liferates, and  thus  their  mutual  inter])enetration  gives  rise  to 
the  microscopical  structure  which  is  always  diagnostic  of  carci- 
noma—epithelial  celU  in  an  alieo/arstroma.  The  colls  are  very 
apt  to  retain  to  a  certain  extent  the  characteristics  of  those 
from  whieh  they  originated  :  if  from  one  of  the  glands  of  the 
stomach,  the  new-formed  cells  also  are  cylindrical,  and  often 
seem  to  attempt  to  reproduce  glandular  tissue — ('.  c,  there  are 
variously  shaped  spaces  nutre  or  less  regularly  lined  by  epi- 
thelium. If  fmra  the  epidermis,  the  newly-formed  squamous 
cells  may  show  the  same  tendency  to  comilicatiun. 

The  amount  of  the  rfroma  varies ;  if  considerable,  the 
growth  is  hard — ncirrhom;  if  scanty,  it  is  soft  and  brain-like 
— encephahid;  further,  it  is  often  quite  cellular  from  the 
presence  of  inliltrating  leukocytes  or  newly-formed  connective- 
tissue  cells.  Metastasis  oceursthrough  tlie  lymphatics,  while 
in  sarcoma  it  occurs  through  the  BIimkI vessels.  The  si-con- 
dary  gntwths  have  the  same  general  structure  as  the  primar)-. 

Carcinoma  otviirit  most  frequently  between  the  ages  of 
forty-five  and  sixty-five,  and  is  found  most  frequently  in  the 
uterus,  gnat  ro-in  test  in  al  tract,  skin,  mammary  gland,  ovary, 
and  occanionally  in  the  liver,  kidney,  thyroid,  and  prostate 
gland.  It  is  quite  liable  to  retrt^rade  rhange.« — fatty  and 
colloid  degeneration,  necrosis,  and  ulceration. 

Several  varietdea  are  described  according  to  the  character 
of  the  epilhelial  elements — squamous,  cylindrical,  spheroidal 
— which  cuni]>»'M!  the  tumor; 
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Oaxcinoma  simplex,  or  ^heroidal-ce/M  cnncer,  ariac'S  in 
glunilri  witli  spheroidal  t'liitheliinn,  as,  for  oxaraple,  the  mam- 
rnic.  The  iiciiiuLi»  or  glandiilLir  arrangL-ment  of  the  tissue 
from  which  it  grows  is  soon  obscured  and  replaced  by  the 
perfect  alveolar  structure  typical  of  cancer.  In  tlie  eariieat 
stage  of  it8  growth  there  would  be  simply  not«d  at  a  given 
point  within  an  acinus  a  proliferation  and  piling  up  of  the 
epithelial  celLi.  Soon  they  break  through  the  basement-mem- 
brane and  infiltrate  the  surrounding  connective  tissue.  The 
oella  are  generally  spheroidal  unless  altered  by  mutual  press- 
ure. According  to  tne  density  of  the  connective-tissue  stroma, 
two  varieties  are  distinguished,  the  scirrhous  and  encephaloid. 

In  the  scin-hous  variety  the  epithelial  element  is  relatively 
small ;  the  tumor  is  hard  and  grows  slowly  (Fig.  131).     In 


%a. 


'^  ---i-»'^St^i.*.W^«.^^ 


Ill'  phiiliiil  the  ttronn  i-.  «Pint\    the  tumor  of  soft  consis- 
tpm\   ml  ripHl  ^rowth  (Hf.   U2) 

Cylindrical  celled  cancer  or  ndenoinrr-innma,  arises  from 
surfaces  cohered  wilh  c\l[ndntal  epithelium  a'l  from  the 
glands  of  the  g-istro-intestinal  tract      Esjiefiallj  in  the  early 
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stage  of  development,  its  general  structure  ie  distinctly  gland- 
ular, consisting  of  tubular  or  rounded  gland-like  spaceB  or 
alveoli  lined  wit)i  cylindricul  epithelium.  It  is  (listinguiehed 
from  simple  adenoma,  liuwevor,  which  it  greatly  resembles, 
by  the  irregular  arrangement  of  the  mai^nid  epithelium,  by 
the  masses  of  epithelial  cells  which  often  completely  fill  the 
lumen  of  the  alveoli,  especially  in  the  older  parts  of  the 


tumor,  and  by  epithelial  cells  which  have  broken  through  the 
basement- membrane  and  infiltraled  the  connective-tissue 
stroma  between  the  alveoli. 

Sanamous-ceUed  cancer,  or  ejiithclimiin,  arises  from  surfaces 
covered  by  stratifie<l  squamous  epithelium,  as  from  the  skin, 
oesophagus,  larynx,  lips,  etc.  The  proliferating  epithelial 
cells  show  the  eharacteristin  tendency  noted  in  all  cancers  to 
extend  l)evond  normal  limits  and  infiltrate  adjacent  tissues. 
The  tumor  is  found  to  U'  composed  of  masses  of  flat  epitheliat 
cells  grouped  in  conical  or  irregularly  shaixnl  processes  or 
columns  of  variable  length  and  breadth,  simple  or  branching, 
and  separate*!  from  one  another  by  a  scanty  connective-tissue 
stroma.     At  many  places  in  the  deeper  parte  of  the  tumor,  aa 
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the  reBiilt  of  the  pressure  pserted  h_v  thf  rapid  cell-prolifera- 
tion ami  tiie  laek  of  space,  the  flat  cells  are  foiiiui  on  e<lge 
and  concentrically  arranged  id  whorls,  which  often  have  a 
glistening  ai)pearance  as  the  result  of  a  homy  traunformatioa 
or  cornificatiun — constituting  the  so-called  "  jnarly  bodies" 
(Fig.  133). 

Lpithelioniata  appear  as  elevated  nodular  masses  or  difiiise 
infiltrations  of  rather  slow  growth,  very  prone  to  ulceration 


Epitbc'llsl  pcarl-bodv  Irata  >ii  epllhcllouu  a 
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and  great  destruction  of  tissue  Metaj-ta«is  may  occur,  but  ts 
U'lt  c'lmnioii.  The  term  roHnid  f^nm  is  applied  to  any  of 
the  above  forms  which  hns  undergone  a  colloid  degeneration. 


Myoma. 

A  myoma  is  a  tumor  onmpused  of  niiisclp-tissuo.  There  are 
wo  v.Tricties,  corresponding  to  the  two  varieties  of  muscle- 
is^'llc^^llill^domyoma,  formed  of  striped,  and  leiomyoma,  of 

Bhabdomromata  are  exceedingly  rare.     In  a  few  instances 
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such  tumors  Imve  occurred  congenitally  in  the  lieart  and  rausetl 
death.  Such  tumors  have  also  been  found  in  tlie  kidney, 
mixed  with  sarcomatous  tii^sue  and  malignant  in  proportion  to 
the  amount  of"  the  latter  (Fig,  134). 

Leiom]roina,ta  are  of  much  more  common  occurrence — the 
most  frequunt  seat  being  the  uterus,  though  they  may  ocfur 
wherever  unHtriped  ninsclc- tissue  is  normally  found.  They  are 
formed  of  bundles  of  muscle-cells,  closely  [»acked  and  inter- 
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lacing  in  every  direction.  When  there  is  a  large  amount  of 
connective  tissue  between  the  bundles  tliey  are  tornied  fibro- 
myomata.  On  account  of  the  wavy  course  of  the  muscle- 
cells,  in  microscopical  section  they  seldom  are  Keen  in  their 
entire  length,  though  Ihey  may  be  isolated  by  l«a.<iing  out  a 
portion  of  the  tumor.  The  characteristic  feature  is  the 
presence  of  the  long  rod-shapwl  nuclei — circular,  however, 
if  cut  tmuBversely  (Fig.  136).  Their  appearance  suggests 
Bpiodle-ceiled   sarcoma,  but  in  the  latter  the  cells  are   not 
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A  tme  neuroma  is  a  vcrv  nir(>  tiiiiior,  compusod  of  nerve- 
fibrea  and  pangi  ion-col  Is.  The  an-vMad  fake  nruromntn  are 
usually  fibromata  ocoiirrinE  in  tlie  course  of  a  nerve  and 
found  also  as  bnllious  swellings  of  the  cut  ends  of  the  nerves 
in  amputaUKi  limbs. 

A  glioma  is  a  tumor  composed  of  tissue  similar  to  neuroglia, 
ocriirring:  in  the  brain  and  less  frequently  in  the  spinal  cord 
and  the  retina  of  the  eye.  They  are  formed  of  a  very  delicate 
network  of  fibres,  imltcdded  in  which  are  numerous  round 
or  oval  cells  with  very  larfje  nuclei.  They  are  benign,  tfaongb 
liable  to  undet^o  sarcomatous  transformation. 
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Teratoma. 
Teratomata  arc  tumors  of  complex    structure,  sometimes 
consisting  of  a  mingling  of  several  ty^Ks  of  tissue  as  glaad, 
nervous,  muscle,  und  connective  tissue  ;  sometimes  being  com- 
posed of  more   or  leas  complete  organs,  as  breasts,  iierves, 
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muscles,  portions  of  int^itine— constituting  so-called  dermoid 
tumorn,  which,  however,  usuallv'  present  tliemsclves  as  cvsfs 
filled  with  hair,  teeth,  and  occasionally  Ixtne,  muscle-  and 
nerve-tissue.  Teratomata  also  include  certain  nml  formations 
and  monstrosities  (Fig.  136). 

CYSTS. 
A  cyst  is  a  cavity,  usually  with  a  diMinot  membranous  wall, 
which  contains  a  fluid  or  M'niiHuid  material.  They  are  not 
rcallv  tumors,  though  usually  considered  in  connection  with 
ihe  latter.  They  are  generally  classifieil  according  to  the 
method  of  their  formation. 
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Ketention-cyBts  result  from  the  accumulatton  or  retention  of 
the  natural  secretion  of  a  gland,  due  to  the  obstruction  of  its 
duet.  As  examples  may  be  mentioned  sebaceous  cysts  or 
wens ;  and  ranulu,  which  results  from  obstruction  of  the  ducts 
of  the  salivary  gland.  As  the  result  of  obstruction  of  a  ureter 
the  whole  kidney  ruay  be  converted  into  a  cyst 

Diajntegratdon-cygtB  result  from  degenerative  softening  and 
disint^mtion  of  normal  or  pathological  ti!>6ues.  This  may 
occur  after  hemorrhage  into  the  brain — apoplectic  cyet.  Para- 
nii'c  cysts  might  be  included  under  this  head — for  example, 
hydatid  cysts.  Tumors,  especially  sarcomata  and  chondro- 
mata,  are  liable  to  cystic  d^eneraUoD. 
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CHAPTER    III. 

DISEASES  OF  THE  iSLOOD. 

PLETHORA. 

Thr  pontlition  of  plethora,  l>y  wliitli  is  iiiidersUxMl  an  excess 
of  l»loo(]  in  tlie  biKly,  wa«  ri'sanled  by  the  older  writers  a.s  of 
great  iniiwrtanco,  and  most  serious  consequences  were  al- 
tribuleU  to  it.  Clinieally,  its  presem^.'  was  supposed  to  be 
indicated  by  reduess  uf  the  face  and  a  vigorous  ctroulation 
occurring  in  high  livers. 

Ex [leri mental  evidence  goes  to  show  that  if  the  amount  of 
blood  in  the  vessels  is  Brti6eially  increased  the  result  is  but 
temporary,  as  the  excess  is  carried  off  by  the  kidneys  in  a  few 
hours. 

OLIGEMIA. 

The  term  oligemia  indicates  a  diminution  in  the  total  quan- 
tity of  bl(K>d.  This  nndoubtedly  does  occur  afti-r  profuse 
hemorrhages,  severe  vomiting,  and  diarriicpn.  There  is  rea- 
son to  believe  it  exisLs  in  starvation  and  certain  cachectic 
conditions. 

QUALITATIVE  CHANGES  IN  THE  BLOOD. 

AlteratioDB  in  the  plasma:  The  umonnt  of  librin  formed 
from  the  bloml  was  carefully  investigated  in  the  days  of 
frequent  veneseetinii.  It  is  greatly  increased  in  certain  acute 
inflammations,  as  pneiunonia,  plenrir^y,  and  peritonitis.  In 
some  infectious  diseases,  as  tvphoid  and  smalljnx,  the  amount 
of  flbrin  is  not  increased  ;  though  if  a  pneumonia  or  pleurisy 
occurs  as  a  complication  such  an  increase  is  immediately 
noted.  A  reduction  of  the  fibrin-forming  projjerty  of  the 
blond   has   been  occasionally   observed,  as  in  purpura   aad 
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I  scurvy.     Our  knowledge  regarding  chemical  changes  in  the 
1  plasma  is  exceedingly  meagre. 

Alterations  in  the  red  cOTpnsclea :  Po/ycylbaiiiio  or  a-ythro- 
I  cy/')Ki«,  in  which  there  is  an  actual  increase  in  the  number  of 
1  red-cells  in  a  given  bulk  of  blood,  is  of  relatively  rare  occur- 
rence.    Hayem  states  tliat  they  may  be  increased  from  tlie 
I  normal  five  million  to  six  and  a  half  million  per  cubic  milli- 
lelre  in  the  algid  stage  of  cholera. 
Oliffoci/tluemid,  in  which  there  is  a  reduction  in  the  number 
I  of  red  cells,  is  very  frequently  noted.     It  may  occur  temj«)- 
rily  from  a  considerable  loss  of  blood,  or  i>ermanently  as 
I  the    result  of   interference    with    the   formation  of   the    red 
lobnles  in  the  IjihIv.     According  to  Hayem,  if  the  condition 
1  brought  iiljoLit  rapidly,  as  by  hemorrlmgc,  a  reduction  in 
theirnumlK'r  licyond  one  million  percubic  millimetre  is  almost 
certain  to  prove  fatal.    When  this  reduction  is  pr<^;rcs&ive  the 
body  seems  to  adapt  itself  to  these  new  conditions,  patients 
being  seen  active  and  earning  ihtir  living  with  less  than  two 
lillion  red  blood-cellf'  jiur  I'liliic  niiliimctre.     Extreme  and 
I  fatal  cases  have  been  rrnin!i.il  In  uhieh  there  were  lees  than 
iree  hundred  thon.snid   \mv  ciiliii.-  njitlinieti'P. 
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Red  blood-corjiiisdeH  liavci  mi  especial  affinity  for  eosin  and 
otiicr  Hci<1  stain;!,  and  in  a  mixture  of  dyes,. such  as  hiema- 
Uixylin  and  eosin,  stain  only  with  one  iif  them,  the  eo!<in, 
which  projterty  is  termed  monochromutobhilia.  Pathohigi- 
eally,  however,  they  may  develop  an  atnnity  also  for  laaic 
dyes;  when  stainetl  with  hipmatoxyliti  and  eosin  mixture  they 
present  a  violet  or  piirjile  color,  instead  of  the  normal  pink — 
this  is  terme<l  ]K)lyclironiatophiliu. 

Alterations  in  the  lenkocjrtes:  Hypoleukorylodit  or  h;uko- 
jioiiiii — a  deficiency  in  the  iiunil>er  of  leukocytes — is  iissmriated 
with  certain  conditions,  as,  loiijr-coiiliiiued  fevers,  like  ty]>hoid, 
when  nnoomplicated  by  inflammatory  processes ;  with  tulwr- 
ciilosis  and  inanition. 

Leukocytoein — a  transient  increase  In  the  numlwr  of  leuko- 
cytes above  the  normal  ten  thousand  |>er  cubic  millimetre — is 
noted  in  connection  espo<ri!illy  with  inflammattiry  processes 
and  infectious  diseases.  The  degree  of  the  leukocytosis  in 
pneumonia  and  most  inflammatory  affections  la  regarded  as 
an  index  of  nature's  power  to  combat  ihe  disease,  its  entire 
absence  being  an  ill-omen.  In  typhoid  fever,  malaria,  in- 
fluenza, and  acute  miliary  tuberculosis  the  leukocytes  are  not 
increased,  which  fact  may  at  times  be  of  some  diagnostic 
value.  Usually  it  is  the  polynuclear  variety  of  leukocyte 
which  is  increased.  Malignant  tumors,  es()ecially  sarcomata, 
are  accompanied  by  an  increase  in  the  number  of  leukocytes 
— even  to  the  extent  of  fifty  thousand  per  cubic  millimetre  or 
more — the  small  mononuclear  being  the  vjiriety  mainly  afTecteil. 
In  syphilis,  rickets,  and  other  cachexias  there  may  be  a  similar 
leukocytosis.  There  is  also  an  increase  in  the  number  of 
leukocytes  after  hemorrhage. 

In  leiihxmia  there  is  an  enormous  and  permanent  increase 
in  the  number  of  leukocytes — one  to  three  hundred  thousand 
per  cubic  millimetre  in  moderate  cases. 

Alterations  in  the  blood-plates  are  as  yet  but  little  under- 
stood. 

The  araonnt  of  luemoglobin  containc<l  in  each  red  g]ol)iiIe 
varies  normally  with  the  size  of  the  corpuscle,  though  jiiiiho- 
logically  this  relation  diM^^s  not  exist.  In  most  cases  the 
flmonnt  of  hiemoglohin  tn  each  globule  is  diminished  ;  in  some 
canes,  however,  t^iere  is  an  actual  inen-ase  in  the  amount  of 
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hsenjoglobiii  per  red  corpuscle — ascertained  by  comparing  the 
number  of  red  cells  per  cubic  millimetre  with  tlie  percentage 
of  hiemoglobin. 

THE  AMjEMIAS. 

Tile  term  anamia  includes  a  variety  of  conditions  in  which 
there  are  qualitative  alterations  in  the  blood,  the  most  con- 
spicuous evidence  of  which,  clinically,  is  pallor  of  the  skin 
and  mucous  membnines,  due  to  a  reduction  in  the  amount  of 
hmmoglobin,  whether  from  a  reduetion  in  the  amount  of 
blood,  in  the  number  of  red  corpuscles,  or  in  the  coloring- 
matter  alone. 

Reduction  In  the  number  of  red  corpuscles — oligocyfhcBtnia, 
and  of  the  iimount  of  hiemoglobin — uligochromamia,  are  usu- 
ally SHSociattxl,  though  tho  latter  may  be  present  without 
alteration  in  the  number  of  red  cells,  as  is  seen  especially  in 
chlorosis. 

The  aniemins  are  usually  divided  into  two  classes  clinically 
— the  primary  or  essential,  and  the  secondary  or  symptomatic. 

The  former  include  simple  primary  aniemia,  pernicious 
ancemia,  chlorosis,  leukemia,  and  Hodgkin's  disease,  neither 
of  which  is  dependent  on  any  preceding  affection. 

The  latter  include  those  aniemias  produced  by  disturbances 
outside  of  the  ha;mopoietic  system — e.  g,,  tuberculosis,  malig- 
nant disease,  etc. 

Primary  Anemias. 

OUoroslB  is  a  primary  anjcmia,  occurring  principally  in  girls 
about  the  time  of  puberty,  characterized  by  an  excessive  redac- 
tion in  the  amount  of  haemoglobin  and,  in  most  eases,  a  peculiar 
sallow  complexion  having  a  somewhat  greenish  tinge,  which 
has  won  for  it  the  term  green -sickness.  The  red  corpuscles  may 
be  normal  in  number,  but  generally  in  prolonged  cases  there 
is  a  considerable  reduction — never  so  grejit,  however,  as  the 
percentage-reduction  of  hiemoglobin;  in  other  words,  the 
amount  of  coloring- matter  in  each  individual  corpuscle — la 
valeur  globulaire— is  reduced.  This  ditference  may  be  as 
great  a«  30  per  cent. ;  while  the  number  of  corpuscles  in  a 
given  case  may  he  reductil  to  only  two  or  three  million  per 
cubic  mitlinictre,  the  quantity  of  hvfmoglobiu  may  be  1 
than  20  or  30  per  cent,  of  normal. 
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When  the  red  blood-corpuscles  are  reduced  in  niimber  they 
are  usiiuily  more  or  leas  ahered  in  shape,  according  to  the 
degree  of  the  oligocytliiemia.  PoikilocytoB,  niicrtx?ytes,  and 
I)olychromatO[ihilcs  are  frequently  j)resent,  and,  when  the  con- 
dition is  very  nevero,  megalocytcs  may  l)e  qnite  numerous; 
nucleated  red  blood -corpuscles — usually  normoblasts — are 
s«imetimcs  seen.  The  DURd>er  and  variety  of  leukocytes  ore 
normal  in  uncomplicated  cases. 

The  only  associated  organic  lesion  which  has  l>een  noted 
is  a.  congenital  smallness  of  the  heart,  bluul vessels,  and 
geuital  organs. 

FrogresBiTe  pemicions  antemia  is  a  i^c^vere  nniendu  \i'liich  has 
no  apparent  cause  and  tends  uninterruptedly  toward  a  fatal 
issue.  The  number  of  red  blood-corpuscles  is  reduced  to  a 
greater  degree  than  in  any  other  condition,  sinking  below  five 
hnn<lred  thousand  per  cubic  millimetre,  even  to  one  hundred 
and  forty-three  thoui^nd  in  one  case  which  has  been  recorded. 

A  characteristic  feature  is  the  average  increase  in  size  of 
the  red  corpuscles.  Microcytcs  may  occur,  but  are  not  com- 
mon. Erythroblasts,  poikilocytcs,  and  polychromatopbiles  are 
frequently  noted.  The  hiemoglobin  is  always  reduced,  but 
never  to  the  same  extent  as  the  red  blood-corpuscles.  The 
leuk<K;ytes  undergo  no  important  change. 

In  some  cases  it  has  neen  possible  to  assign  a  cause. 
Atrophy  of  the  gastro-intestinal  mucous  membrane  and  certain 
intestinal  parasites,  espi'cially  the  anchylostoma  dutKlenale, 
priMluce  a  secondary  aniemta,  often  not  distinguishable  from 
progressive  pernicious  amemia.  The  antemia  is  usually  looked 
u|)on  as  resulting  from  the  exressive  destruction  of  blood 
rather  than  from  its  defective  formation.  The  pigmentation 
of  various  org;ans,  the  jaundice  often  present,  and  the  excess 
of  coloring-matter  in  the  urine  surest  this  conception  of  its 
natui*. 

The  various  viscera  are  pale  and  bloodless,  and  in  a  more  or 
less  advanced  stage  of  fatty  degeneration. 

A  simple  primarr  anemia  arising  without  any  apparent 
cause  is  not  nt-ofriiizwl  by  many  writers,  yet  cases  do  occur  in 
which  tlie  clmraetcristic  features  of  Iwth  chlorosis  and  per- 
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nicious  anemia  are  absent.  The  red  l)Iond-corpii8eles  and 
hiemoglubia  are  usually  rtnliired  to  tlie  same  degree  ;  tlie  loiiko- 
cyted  undergo  no  important  change  either  in  nunilwr  or  kind. 

Leuksemia  oi  leukocjrtliEeinia :  The  term  leiikccmia — white 
blood— H-iis  iirril  iirii|)o,sed  by  Virehow,  in  1845,  for  case»  in 
whit'h  there  wa.^i  an  enuniiuiis  increase  in  the  number  of  leuko- 
cytes in  the  blood,  u.ssociated  with  enlarKeniont  of  the  spleen 
and  lymphatic  glands.  The  condition  had  previously  l)een 
reganletl  as  an  inflammation  or  suppuration  of  the  blood. 

Tiie  disease  is  well  named,  for  at  times  the  blood  is  ao 
white  it  resembles  milk  or  pus.  Tlie  older  writers  were 
acouHtome<l  to  speak  of  the  relations  existing  between  the 
number  of  while  and  red  eorpuselcs ;  but  as  this  dei^ends  also 
on  fluctuations  in  the  number  of  red  corpuscles,  it  is  more  im- 
portant to  know  the  exact  number  of  leukocytes  i»er  cubic 
millimetre.  Instead  of  one  leukocyte  to  five  or  six  hundred 
red  cells,  the  proportion  is  frequently  one  to  eight,  eveu  one 
to  two  or  three  j  in  cases  of  moilerate  severity  there  are  one 
to  three  hundred  thousand  per  cubic  millimetre — five  hundred 
thousand  per  cubic  millimetre  not  being  infrequent. 

Yet  it  is  not  so  much  the  number  of  leukocytes,  which  is 
characteristic  of  this  disea.'^e,  as  the  chann-ter  of  the  predomi- 
nant variety ;  for  the  projiortion  of  one  to  eight  has  been 
not«d  in  non-leukiemic  aneemias,  and  in  some  cases  of  leuko- 
cytosis there  may  be  as  many  as  one  hundred  thousand  white 
blood-corpnscles  per  cubic  millimetre. 

Virohow  recognized  two  forms  of  the  disease,  one  character- 
ized by  enlarganent  of  the  spleen,  in  which  the  blood  showed 
an  excessive  number  of  large  white  cells ;  and  another  charao- 
teri^ted  by  enlargement  of  the  fymphatic  glundu,  \n  which  the 
small  variety  of  leukocyte  predominated. 

A  third  form  of  the  disease  was  later  described  by  Neu- 
mann, in  which  there  were  marked  changes  in  the  vxarrCie  of 
the  hones. 

Though  it  is  customary  to  speak  of  lymphatic,  splenic,  and 
myelopienous  varieties  of  the  disease,  these  difll>rent  forms  are 
of^n  associated.  There  is  some  donlit  as  to  a  pure  splenic 
variety  existing  without  accompanying  ehanges  in  the  tione- 
marrow. 


LEUKMMIA   OR  LF.VKOCYTnMMU.  315 

The  spleno-medullary  variety  (//«(i<nnia  is  especially  rec(^ 
nizt^I  bv  the  iinsiiUT  in  flir  hliHid  of  nimilwrs  of  \axg;f^mjeA 
leukocytes,  which  linvc  Ixcii  callecl  roycW-ytOH  on  account  of 
their  supimsed  origin  in  hune-niarrow.  These  cells  are  rarely 
if  ever  seen  in  normal  hlood  ;  they  are  usually  1  fj/*  to  20;<  in 
diameter,  though  occasionally  not  much  larger  than  a  red 
corpuscle,  when  they  can  only  be  distinguished  from  the 
mononuclear  leukocytes  by  the  pren^cnoe  of  neutroithilic  gran- 
ules in  their  protoplasm,  or  sometimes  of  eosinophilic  granules 
— cosinophilc  myelocvtew.  When  the  blood  is  stained  with 
htematoxylin  anil  eosin  these  neutrophilic  granules  cannot  be 
seen  ;  but  if  Ehrlich's  triple  stain  is  employed  they  are  readily 
recognized.  In  this  variety  of  tcuksemia  the  myelocytes  often 
make  up  30  to  5U  per  cent,  of  the  total  number  of  leuko- 
cytes, wnile  in  other  diseases  in  which  they  rarely  occur  they 
never  exceed  2  to  9  per  cent. 

The  irlatirr  nuniltri-  of  cminophile^ — normally  constituting 
2  to  4  per  cent,  of  the  white  blood-cells — is  not  usually  in- 
ercased,  though  there  is  always  an  absolute  increase  in  their 
number — 50  to  80  per  cent,  of  which  are  oosinophile  mye- 
locytes. It  was  formerly  supposed  that  a  relative  increase 
in  the  eosinophiles  was  diagnostic  of  leukwmia ;  they  are  in- 
creased to  a  much  greater  extent,  however,  in  some  other 
affections— notably  in  asthma  and  diseases  of  the  skin — and 
often  are  even  diminished  in  Icukiemia.  The  number  ofpoiif- 
nuctear  nra'ro/jAiYfM  is  relatively  diminished,  making  np  but 50 
per  cent. — in  some  cases  even  less  than  10  per  cent,  of  the  total 
nnmber  of  while  blood-cells;  an  increase  would  suggest  some 
inflammatory  complication.  The  small  lymphocytes  are  also 
relatively  rcilucod  in  number,  constituting bnt  3  to  5  percent., 
instead  of  15  to  25  per  cent,  of  the  total  numt)er  of  leukocytes. 

Basi^philic  myelocytes  and  small  leukocytes  are  occasionally 
noted,  their  protoplasm  containing  granules  which  have  a 
selective  affinity  for  basic  dyes. 

The  reif  hlowt-cor/tuitrlcit  are  usually  reduced  to  two  or  tiiree 
million  |>er  cubic  millimetre,  and  pmportionnlly  likewise 
the  haemoglobin.  Alterations  in  the  size,  shape,  and  stain- 
ing properties  of  the  n-d  cells  may  be  notwl ;  and  erytliro- 
blusts  are  always  found  at  some  stage  of  the  iliscnwc— 
mostly  normoblasts,  though  some   megalobissts   and   micro- 
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blasts.  The  prcMence  of  these  nucleated  red  hlood-celle  is 
enpecially  cliaractt^ristiu  when  the  uligticyth^mia  is  t>ltght — 
in  fact,  it  is  the  only  disease  in  which  they  are  present  under 
that  condition.  The  manner  in  which  this  excessive  accumula- 
tion of  leukocytes  is  brouglit  about,  whether  due  to  an  increased 
proliferation  or  a  diniiuished  destruction  of  these  elements,  is 
not  known.  Some  maintain  that  it  is  primarily  a  dii^ease  of 
the  blood-making  or^ns — the  spleen,  lymphatic  glands,  and 
bone-marrow — while  others  believe  the  changes  in  these 
organs  to  be  secondary  to  the  alterations  in  the  blood.  The 
enlui^ment  of  the  spleen,  which  is  nearly  always  present,  is 
the  result  of  an  enormous  increase  of  the  lymphatic  elements. 
The  marrow  of  siwugy  and  long  bones  becomes  yellowish  in 
color;  microscopically  the  marrow-cells  are  found  to  be 
greatly  increased  in  number.  The  lymphatic  glunds  are  also 
sometimes  involved ;  in  fact,  any  lymphatic  tissue  in  the  IxMiy 
may  be  affected. 

In  the  lymplutlc  varietr  of  l<-ul-(emia,  which  is  of  much 
leas  frequent  occurrence,  the  enlargement  of  the  lymphatic 
glandi^  ia  esjiccinlly  marked.  A  pure  lymphatic  form  in  rare, 
usually  there  being  some  involvement  of  tne  spleen  and  bone- 
marrow.  The  leukocytes  are  never  increased  to  the  same 
extent,  the  large  and  small  monouuclear  elements  making  up 
95  per  cent,  of  their  number.  Myelocytes  are  present  in  very 
small  numbers  only,  if  at  all ;  the  eosinophiles  and  polynu- 
clear  nentrophiles  nre  relatively  and  absolutely  reduced. 

The oligocythiemia  is  much  more  marked  than  in  thespleno- 
myelogenoiis  variety ;  nucleated  red  blood-corpuseles,  how- 
ever, are  extremely  infrei:[iieiit. 

Hodgkin'a  disease,  mtifit/nmit  h;mphonta,  fi/mphosareoma,  or 
paeuiloleukamia,  resembles  leukcemia  in  all  resitects  except  in 
that  there  is  no  increase  in  the  number  of  leukocytes  in  the 
bloo<l.  The  lymphatic  glands  throughout  the  body  are 
enlai^d  as  a  result  of  a  hyperplastic  proliferation  of  the  lym- 
phatic elements.  As  in  Jeukiemia,  the  spleen,  lionr- marrow, 
tonsils,  lymphatic  follicles  of  the  intestinal  mucous  membrane, 
and  all  tJie  other  lymphatic  tissues  in  the  body  may  be  affected. 
Nodules,  from  the  size  of  millet^seed  to  that  of  a  walnut, 
composed  of  lymphoid  cells,  may  occur  in  the  liver,  kidneys, 
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lungs  and  serous  nienibraiips* ;  also,  rarely,  in  the  ovaries,  tes- 
tifies, heart,  and  brain. 

At  the  beginning  uf  tlie  disca^  the  blood  is  found  to  be 
normal,  but  soon  the  nDieniia  and  cachexia  become  prominent. 
When  theiuiceniia  is  pronounced,  alterations  in  the  size  and 
sha\K  of  the  nnl  blood -corpuscles  occur,  and  a  few  nucleated 
erjthn>cyte9 — usually  normoblasts — may  be  noted,  as  in  other 
severe  anaemias. 

The  penxtutage- reduction  in  iiiemoglohin  is  often  greater 
than  that  of  the  red  corpuscles — a  so-calleii  chlorotic  con- 
dition of  the  bWxl. 

Cases  arc  sometimes  observeil  in  which  the  spleen  ahiuc  is 
involved,  and  are  described  under  the  term  splenic  aniemia. 

Secondary  Ansemias. 

Whatever  the  cause  of  secondaiy  iir  Sftaptoinatic  ajuemias. 
they  have  certain  common  characteristics.  There  is  usually 
a  greater  percentage-reduction  of  biemt^lobin  than  of  re<l 
blood-corpuscles ;  in  mild  cases  the  number  of  red  cells  is  not 
reduced,  though  the  hiemnglobin  varies  from  60  to  76  per  cent, 
of  normal.  The  individual  corpuscular  richness  in  hemo- 
globin is  never  above  par,  as  in  jwrnicious  anaemia.  In  severe 
cases  the  oligocytluemia  may  Ije  almost  as  great  as  in  the  latter 
disease.  Alterations  in  the  size  and  form  of  the  red  cells 
occur  ;  microcytes  and  raegalocytes  are  sometimps  notetl,  the 
former  more  frequently,  however. 

Poikilocytosis  and  degenerative  changes — vacuolation  and 
polychromatophilia — occur  in  the  red  blood -cor  pusc  1  es ;  nor- 
moblasts, the  presence  of  which  mav  lie  regardwl  us  evidence 
of  a  n'generative  effort  on  the  part  ot  the  hluod-making  oi^ns, 
are  likewise  t*>  be  seen. 

The  number  of  leukocytes  varies  considerably  ;  if  there  is 
a  leukocvtosis,  it  consists  of  an  increase  in  the  polynuclear 
nentn>i)hiles. 
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CHAPTER    IV. 


DISEASES  OF  THE  CIRCULATORY  SYSTEM. 

HEART  AND  PERICARDIUM. 

ATROPHY. 
Hn'opl&si&  of  the  heart— a  cuiigenilal  ^malloess — is  often 
associated  with  a  similar  malformation  oJ'  the  aorta  and  other 
bloodvessels,  ami  of  the  generative  organs.  This  condition 
has  been  noted  esjiecialiv  in  ctmnection  with  chlorosis.  The 
heart  is  uniformly  affectwi  in  all  its  parts. 

Brovn  atropby,  an  actjnlred  change  associated  with  ])ignien- 
taiiuu,  iti  ^eii  in  auxn  ut'  waj:>ting  disease.^,  as  tuberculosis  and 
cancer ;  and  especially  also  in  old 
^"'-  '*^-  age.     The  heart  is  dark  brown  in 

color,  and  quite  small,  often  not 
weighing  more  than  a  third  of 
normal ;  its  walls  are  thin  and 
cavities  contracted.  The  epicar- 
(iium  is  frequently  wrinkled,  the 
cnronary  arteries  prominent  and 
tortuous,  due  to  the  loss  of  subperi- 
eardial  fat.  On  mieraHCopical 
section  the  muscle-fibres  are  found 
to  be  thinner  than  normal,  and  in 
the  centre  of  each  is  a  brown  Bpot 
of  pigment  (Fig.  137).  Similar 
"P?'-?.'-}!!.*  pigmentation  is  also  often  asso- 
ciated with  cardiac  hy])ertrophy. 
The  resulting  symptoms  are  not 
usually  serious,  as  the  lessened 
'  i  but  commensurate  with  the 


power  of  the  cardiac  muscli 
decreased  demand  made  upon  it. 


HYPERTROrilY. 


HYPERTROPHY. 


Three  varieties  of  cardiac  hypertrophy  are  uBiially  <)escrilwd, 
accordiog  to  tlie  sizu  nf  tlic  ciivitifa  aaaociatecl  with  the 
iiK-reotiiea  thickness  iii  the  niU!K-le-walU ;  aimple,  in  which  the 
cavities  are  of"  noroial  size;  concentric,  in  which  they  are 
smaller  than  normal ;  and  eccentric,  in  which  they  aredilalcil. 
Ill  ximjile  dilaltition  also  the  heart  is  enlarged,  but  not  hyper- 
tnijiliied. 

Causes :  Tlie  hypertrophy  is  the  result  of  increased  demands 
made  njitiii  the  heart-muscle.  Stenotic  and  inconi|)etent  valves 
are  a  very  frequent  cause.     General  arterio-selerosis,  often 
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associated  with  interstitial  nephritis,  greatly  increases  the  work 
of  the  left  ventricle  and  leads  to  its  hypertrophy  (Figs.  138 
and  139).  Obstruction  to  the  pulmonary  circulation,  as,  for 
instance,  in  fibroid  phthisis  and  emphysema,  leads  to  hyper- 
tmphy  of  the  right  ventricle  (Figs.  140  and  141).  Simple 
functional  overaetivity,  as  in  hysteria  and  exophthalmic  goitre, 
may  lead  to  a  uniform  hypertrophy  of  the  wnole  heart. 

DUalaiion  iK-curs  where  the  heart-miiflcle  is  exhausle<)  and 
unable  to  overcome  the  imjwtliment. 

Microscopically  is  iioteil  an  increase  in  the  size  of  the 
muscle-fibrea;   there  is  also   probably  an  increase  in   thdr 
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number.     Filiroul  and  fatty  degenerative  ciianjjea  are  tistially 
associated  with  dilatation.     Tlie  wize  and  weight  of  the  organ 
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are  often  so  greatly  iiicrt-ased  an  to  justify  the  term  "  cor  bovi- 
imm".  As  long  a&  the  liyncrtrophy  is  compensatory  there  are 
no  symptoms;  bill  when  the  t-ardiao  must-le  can  no  longer 
nu-ct  the  deniumls  macle  upon  il,  the  resiiltB  are  most  serious. 
If  the  left  vi'iitrifle  is  jit  fault,  there  is  a  passive  congestion 
of  the  pulmonary  circulation.  When  the  right  ventricle  is 
at  fault,  or  in  turn  becomes  involved,  there  occur  jtassive  con- 
gestion of  the  general  Bystemic  circulation  and  dropsy. 


DEOENEHATIVE  CHANQES. 
Cloudy  Swelling. 

Olondy  Bwelllng  ixinrs  cither  as  an  early  stage  of  inflamma- 
tion nr  aa  a  prccurwor  of  fatty  degeneration.  It  is  noted 
cs]M'ciiil]y  in  the  course  of  diphtheria,  smallpox,  scarlet  fever, 
uiiil  other  infectious  diseases;  also  in  rheumatism  and  after 
severe  Imru.-. 

The  myocardium  is  soft — even  friable,  pale,  and  looks  as 
if  it  had  been  slightly  boiled. 

Microncopically  the  nmsele-fibres  are  seen  to  be  swollen — the 
spaees  between  the  individual  mnscle-6bres  being  smaller  than 
normal — and  their  transverse  striattons  are  indi^itinct.  The 
fibres  appear  as  though  seen  tliroiigh  ground  glass  or  a  layer 
of  dust,  due  to  the  presence  of  inuumerable  fine  albuminous 
granules. 

Fatty  Infiltration. 

Norniallv  there  is  a  certain  amount  of  adipose  tissue  beneath 
the  epicardiuni,  especially  along  the  WMirse  of  the  o<irouary 
arteries,  lower  bonier  of  the  left  ventricle,  and  at  the  apex. 

Pnfholotfirally  ihe  adipose  tiKsue  may  nitt  onlv  form  a  thick 
coating  over  the  entire  surface,  but  even  extend  into  the  walls 
of  the  heart  between  the  mnsele-fibres,  deposits  even  appear- 
ing at  places  under  the  endocunlium.  The  muselc-nhres 
themselves  are  not  involved,  except  that  they  are  often 
atrophied  as  the  result  of  pressure,  when  the  accumulation  of 
adifxise  tissue  is  excessive.  Besides  the  cardiac  weakness  thus 
resulting,  a  fatty  de^neration  of  the  muscle-fibres  may  be 
induced. 
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Fatty  Degeneration. 

In  fatty  degeneratioc  tlie  individiml  iiiuscltyfibres  are  in- 
^\■^'t],  the  ccll-prutoplasm  being  rcplacwl  ti»  agreat  extent  by 
lall  globules  uf  fat.  Tbetie  ilroplets  appear  first  in  the 
neighborhrHHt  of  the  nucleus;  but  may  tinally  occupy  the 
whole  fibril,  giving  rise  to  au  apjiearance  somewhat  ivsembling 
cloudy  swelling;  the  granules  are  lai'ger  than  iit  the  latter 
condition,  however,  dissolve  in  alcohol,  chloroform,  or  ethet, 
and   tjllkwl  allgl4  Jl        an  factor 
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in  its  production  is  either  a  general  or  a  local  aniemia.  The 
local  aniemin  may  be  brought  about  by  sclerosis  of  the  coro- 
nary arteries,  or  an  improper  circulation  of  the  blood  through 
them  iis  tlio  residt  of  a  valvulnr  lesion.     The  conditiim  is 
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frequently  associated  with  jternicious  ancemia,  leukemia, 
plitni»id  aud  utlier  wanting  diMaiset) ;  and  with  arsenic-  aud 
phoai>liorua- poisoning. 

The  macroscopic  appearance  of  tiie  heart  is  quite  eliaracter- 
istic.  It  is  usually  pale,  flabby,  and  dilated.  Tlie  degene- 
nilive  change  generally  occurs  in  patches,  the  malted  app««r- 
ance  produced  thereby  being  most  readily  ween  from  within, 
beneath  the  endocardium.  When  the  process  is  diffuse  the 
cardiac  muscle  has  a  uniform  yellowisli  hue. 

Mfomalacla  cordis  is  a  loeulized  softening — a  necrosis — of 
the  liwirt-wall  due  to  embolic  or  thrombotic  obstruction  of  the 
coronary  arteries.  The  area  from  which  the  blood  is  cut  off' 
is  often   wei  I  {re -shaped,  pale  yellow  in   color,  and  depressed 

liolow  ilie  nurture. 

Amyloid  and  hyaline  degenerations  are  sometimes  noted. 
Calcareoas  infiltration  of  the  myocanliiim  occurs,  but  is  ex- 
tremely Hire. 

INFLAMMATIONS. 
Myocarditis. 

Inflammation  of  the  heart-muscle  may  I>e  primary,  but  is 
much  more  frequently  seonndary  to  a  }>eri-  or  endocurditisi. 
It  (Kjcurs  in  the  course  of  acute  infectious  fevers,  as  typhoid, 
diphtheria,  scarlet  fever,  smallpox,  and  puerperal  septicemia. 
The  lii-art-miiscle  is  friable  and  has  a  yellowish-red  and 
matt«d  appenmnce  ;  the  cavities  are  usually  dilated.  Miero- 
acopiailly,  there  is  noted  in  addition  to  the  cloudy  swelling 
of  the  muscte-libres  a  round-celled  infiltration  of  the  sup- 
porting con ncetive-t issue  framework  ;  some  are  proliferated 
c/inneetive-t issue  cells,  the  majority,  however,  being  migrated 
leukocytes.  Abtcesites,  ap]iearin{;  macroscjpically  on  section 
of  the  heart-wall  as  yellowish-white  s|iotJ9,  may  iMvnr,  They 
are  most  fretpient  in  the  anterior  wall  of  the  left  ventricle,  and 
vary  from  the  size  of  a  pinhead  to  that  of  a  cherry. 

In  fihroUK  or  chronic  myoeanlilla  there  is  a  great  increase  in 
the  interstitial  connective  tissue.  This  fibroid  change  or 
substitution  may  be  diffuse  or  circiimscri}>ed.  DlffuMt  inter- 
muscular sclerosis   is  often  a.ssociated  with  general  arterlo- 
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scleruais  iiud  fibroid  change  in  the  kidneys  and  other  orgaiiB,  I 
As  a  result,  the  heart  may  be  hypertniiihied  by  the  iDcreaaed  1 
work  im[)Oscd  upon  it,  but  much  more  mHjiicntly  the  muscle-  I 
fibres  are  atrophied  by  the  meehunieal  presaure  of  the  newly  J 
formed  fibrouij  tissue,  and  are  foimd  to  liave  undergone  J 
granular  and  fatty  degeneration.  Cirattrwcnird  areas  of  I 
libriiid  sulistitution  are  often  consecutive  to  degenerative  I 
changes  produced  liy  ohetruction  of  the  comnarj-  artertes,  A  1 
saccular  dilatation — aneurism^may  result  from  the  thinned  1 
iiL'art-wall  giving  way  to  pressure  from  within  at  such  a  1 
|ioint. 

Endocarditis. 

Inflammation  of  the  endocardium  usiudly  atferts  the  valves;  j 
whi'n  aHccting  the  (avities  of  the  heart  it  may  he  designated  f 
t^jwciiilly  as  wiitruf  endocarditis. 

Acute  endocardltiB  is  rarely  a  pnniary  affection.  The  moat  I 
fi-ctjucnt  cause  is  acute  articular  rheumatism.     It  occurs  also  f 
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in  the  course  of  pneumonia,  puerperal  septicemia,  scarlet  fevei^ 
typhoid  fever,  gimorrhica,  and,  in  fact,  in  any  acute  infectior" 
disease.  It  occurs  also  in  Brtght's  disease,  cancer,  and  dialw' 

The   most   characteristic   lesions  are  the   so-called 
tegeiaiions  fornie<i  along  the  tine  of  contact  of  the  valvM 
esjwcially  on  the  auricular  asjiect  of  the  mitral,  and  in  a 
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of  beud-Iike  elevations  on  the  ventricular  surface,  some  little 
dietance  from  the  niai^ina  of  the  cufiis  of  the  aortic  (Figs, 
143  and  144).  These  small  warty  elevatioHH  are  lesK  fre- 
quently seen  on  the  trieiispid  and  pulnionury  valves,  and  on 
tne  chorda.-  tendinete  and  partM  of  the  mural  endueardiutn. 
They  crumble  and  can  be  easily  detached  by  tlie  finger, 
leaving  behind  a  slightly  roughened  nurface,  or  possibly  a 
small  ulcer  the  size  of  the  base  of  the  vegetation.  Inc  change 
in  the  endocardium  prttduced  by  the  inflammatory  process 
and  the  e.\tra  irritation  and  friction  at  the  line  of  contact  of 
the  valves  im  closure,  invite  the  deposition  of  fibrin  ;  there 
is  an  active  proliferation  of  the  endothelial  colls,  uliicli, 
together  with  migrating  Icukix'vtcs,  infiltrate  the  layers  of 
fibrin  and  tend  to  bring  about  the  organization  of  the  clot 
which  has  formed. 

In  some  cases  the  inflammBtory  process  is  especially  severe 
and  there  is  a  tendency  to  mippvifilUrn  and  ulcnalioti.  Small 
collections  of  pus  may  be  seen  at  the  base  of  ihe  valves.  The 
masses  of  fibrinous  deposit  are  more  abundant  and  irregular, 
occurring  indiscriminately  over  the  endocardial  surface  of  the 
valves  and  heart-wall.  Where  there  has  been  actual  destruc- 
tion of  tissue  there  will  be  noted  on  section,  micniscopically, 
at  the  bases  of  these  vegetations,  typical  granulation-tissue, 
to  which  the  clot  is  firmly  adherent.  If  the  section  is  prop- 
erly stained,  micro-organisms  may  usually  be  eeen  in  the 
superficial  layers  of  the  endocardium.  The  vegetations  are 
liaole  to  l>e  broken  off  and  carrie<l  in  the  circulation,  as  emboli, 
to  distant  part.s.  If  the  micro-organisms  are  likewise  tranB- 
ported,  metastatic  abscesses  in  various  oi^ns  are  produced. 

Chronic  endocarditis  results  in  various  distortions  of  the  af- 
fected leaflets  of  the  valves,  and,  in  c(inse(|uence,  serious  tlis- 
turbnnras  in  (he  circulation.  The  vegetations  t>ecomp  fibrous 
and  have  a  broad  base.  As  in  all  chronic  inflammations,  there 
is  a  tendency  toward  the  overproduction  of  connective  tissue. 
The  proliferating  endothelial  and  conncctive-tiwue  cells  and 
infiltrating  leukocytes  become  organi/.cd  Into  fibn)u&  tissue. 
The  valves  are  thickened,  rigid,  an*l  eventually  retracted  and 
distorted.  The  opiwsed  inflamed  knflcts  of  the  valve  may 
Iwconie  agglutinat^Hl  or  firmlv  adherent  to  the  adjacent  heart- 
wall  and  cause  still  further  deformUr>     The  chordte  tcndinen 
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fuoefi  of  pericardium  often  l(K)k  as  if  the  two  layers  liatl  nibbed 
tJ)getlier,  while  the  more  or  iess  mariiec!  deposit  of  fibrin  was 
stili  in  a  soft  plastic  condition,  giving  them  a  mugh,  ramed, 
or  hairy  appearance,  suggesting  the  term  "cor  villusum.' 

The  parietal  and  visceral  layers  may  become  agglutinated, 
constituting  what  is  known  as  adherent  pericardinm,  which 
may  lead  to  hypertrophy  of  the  heart,  by  reason  of  the  in- 
creaHed  work  thus  im[KiSfd  \\\ioa  it. 

Sclerotic  areas,  known  as  white  spots,  or  milk-spots,  are 
probably  the  result  of  a  chronic  localized  inflammation  ;  they 
are  noted  in  about  50  jwr  cent,  of  all  post-mortems.  They 
may  be  quite  small,  or  lai^e  enough  to  cover  the  anterior  sur- 
face of  tiie  heart.  They  occur  most  frequently  on  the  right 
ventricle,  next  on  the  left  ventricle,  near  the  apex,  and  also 
on  the  posterior  surface  of  the  heart,  near  its  base.  They  are 
formed  simply  of  dense  connective  tissue,  covered  by  endotlie- 
litim.     Their  exact  significance  it-  not  fully  uiiderslood. 

TH£  BLOODVESSELS. 

DEOENEBATI0N8. 
F&t^  degeneration:  Not  infrcqnently  there  are  seen  in  the 
aorta  anil  other  parts  of  tiic  arterial  .system  yellow  spots  or 
streaks  slightly  raised  above  the  internal  surface;  under  the 
microscope  it  is  found  that  the  endothelial  colls  of  the  intima 
have  undergone  fatty  degeneration.  The  degenerati<in  may 
involve  also  the  muscle-cells  of  the  media.  The  affected  areas 
may  soften  and  small  superficial  erosions  result. 

C&lcareooB  inflltration  most  frequently  affects  the  middle 
coat  of  the  artery,  occurring  by  preference  in  vessels  of  me- 
dium size.  The  greatly  inereaswl  rigidity  of  the  radials,  often 
noted  clinically,  is  (^nerally  due  to  this  cause. 

Amyloid  degeneration  usually  licgins  in  the  capillary  walls 
of  (he  iiifrnn  aft'eited.     The  entire  wall  is  involved. 

AKTEBms. 

Acute  inflammation  of  the  walls  of  an  nvtery,  independent  of 
any  neighboring  inflammatory  process,  U  very  rare. 


Id  the  aortal  at  an  early  *taore  •►!*  the 
piokishy  roaodedy  or  oval  fiatche>  or 
MDOOCb  and  unaltered  intiiiia^  vanning 
point  to  half  an  inch  in  diameter.     ( 
dme  patdies  it  is  found  to  he  firm  and 
there  maj  be  a  yellow  foetis  of  fatty 
$eopiealljf  the  patch  is  composed  of  den 
seems  to  have  been  produced  by  a  prolif 
thelial  connective-tissue  cells ;  at  first  i 
stellate  cells  can  be  readily  seen,  but  lat 
affected  area  may  be  quite  indefinite 
degeneration.     The  calcareous  plates  c 
aorta  are  the  result  of  the  infiltration 
the  salts  of  lime ;  these  plates  may  he  si 
completely  the  appearance  of  the  vessel. 

In  the  smaller  vessels  the  changes  ar 
Similar  patches  of  opaque  and  firm  tis 
third  of  an  inch  in  length,  may  occur 
along  the  course  of  the  vessels.   On  cros 
its  lumen  is  seen  to  l>e  considerably  encro^ 

In  other  cases — endarierilis  oblHei'ans- 
tirely  absent ;  the  lumen  of  the  vessel  is 
upon,  sometimes  almost  obliterate<l  by  tl 
oi  the  intima  prmlucecl  by  an  active  pro 
thelial  and  siibendothclial  connccti  ve-tiss 


/•« 
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Serious  conseijuenceA  may  follow  these  changes  in  the  arterial 
walls.  In  the  coronary  nrlerien  the  obstrnction  of  the  circn- 
lation  may  be  the  immediate  cause  of  fatty  dcgoneratinn  nf 
the  heart-muscle  and  death.  In  the  brain  the  aniemiii  ret^ult- 
ing  from  such  an  obstruction  may  result  in  areus  of  softening. 
Id  the  aoWa  aneiiriiimul  dilatHtion  is  a  frequent  result.  The 
heart  is  generally  hy|)ertrophied  in  conse<|uence  of  the  obatnic- 
tinn  t*»  the  circulation  offered  by  the  thickened  and  rigid 
arterial  walls. 

Aneurism. 

An  anearism  (Fig.  145)  is  a  loealizcd  dilatation  of  an  artery, 
resulting  from  any  cause  wliich  weakens  its  walls — as  arter- 
itis and  injury,  and  from  increased  arterial  pressure.  Aneur- 
isms may  be  classified  according  to  their  shape  into  fusiform, 
cylimlrical,  and  saccular. 

In  ftuifonn  an<]  cylindrical  anettrisms  there  is  a  general  dila- 
talion  of  all  the  coat?  of  the  artery.  A  cirsoid  imeariem  is  one 
in  wliich  the  vessel  is  rendered  tortuous  and  convoluted  as  the 
re-tult  of  its  elongation  and  unequal  dilatation  of  different 
parts. 

In  aaccnlated  anenrisms,  liie  most  important  variety,  there 
is  a  unilateral  dilatation  of  the  vessel.  First,  the  media  gives 
way,  and  then  there  is  a  dilatation  of  the  intima  and  adven- 
titia,  and  thus  is  fi)rme<l  a  sac  which  communicates  with  the 
artery  by  a  narrow  opening.  As  the  sac  increases  in  size  it 
may  finally  nipturc.  The  blood  may  l>c  retalne<l  .'subsequent 
to  rupture  by  the  surrounding  tissues ;  the  term  ftil/te  aneiirixm 
is  used  to  designate  such  a  cavity,  communicating  with  an 
artery  and  containing  blood,  the  walls  of  which  are  not  formed 
by  the  coats  of  the  vessel.  A  rlisDectiiig  auenrium  is  tmc  in 
which  rupture  of  the  intima  occurs  and  the  blood  burrows  a 
false  pa-tsage  Iwtween  the  coats  of  the  artery. 

The  resnltBof  the  continue*!  presence  of  the  anenri.sm  may 
be  extensive  necrosis  of  neighboring  tissues.  Ero.«ion  of  the 
vcrtchne  and  pressure  of  the  anenrism  on  the  spinal  cord  have 
bwn  the  un.suspected  esiuw  of  a  ]HirapIegia.  In  a  similar 
manner  the  stomnni  and  ribs  may  be  eroded  and  the  aneurism 
project  beneath  the  skin. 


i 


AiKurEinn  of  the  umDding  u 
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Chronic  phlebitis  may  occur  in  association  with  arterio- 
sclorasis,  ihe  changes  being  of  the  same  cluiractcr,  hut  rarely 
m  m:irkctl.  Calcareous  infiltration  of  the  aftciitwi  areas  is 
much  less  common. 

Variz  i.-*  a  dilatittioii  of  veins  anaU^uu  to  tlic  aneurismal 
(lilatatioti  of  arteries.  The  essential  factor  in  its  production 
i^  an  increa^  in  hlood-pressure  within  the  veins,  as  hy  passive 
hyjR-nemiu  <lue  to  heart  disease,  pressure  of  a  tumor  or  the 
gravid  uterus. 

The  veins  arc  not  only  dilated  hut  elon^ted,  and  thus 
iKMMtme  tortuous  und  convoluteil ;  the  cinnilation  through 
them  is  greatly  slowed,  aoU  it  is  notinfri'<iMent  for  thrombosis 
to  iM!cur  in  consetiucnce. 


THE    NASAL    PAS 


< 


Acute  rhinitis. 


tlit^  l.ca.rMiu-  io.-x|H.si 
measles,  typhoid  fev«r,  anil  utluT  nil 
theria  may  priniarily  involve,  or  extcr 
The  ioflammatory  hyperaemiu  gives  r 
oesn  in  the  nuse,  ami  the  subsequent 
panilent  dischai^. 

Oliroiik  rUniUs  supervenes  as  the 
attackii.  The  mucous  memhrane  bee 
nasal  passages obstructeJ — hy[iertroph 
may  be  complete  atrophy  of  the  mu<; 
caseH  there  is  iieually  an  extremely  To 
— atrophic  rhinitis  or  ozrena. 

Sfphilia  may  affect  the  nose,  in  tl 
form  of  ^mmata,  Ix^inning  in  t 
periosteum,  or  perichomlrium.  There 
tioD  and  destruction  of  tissue,  resultin 

THE  LAATIT 

Acnte  inflammation  of  the  larynx— 
to  exposure  to  cold  or  inhalation  of 
accompanies  measles,  whooping-cough, 
and  otlier  infections  diseases.  In  som 
(edcmntous  inliltnition  of  the  loose 
the  aryepiglottic  folds  and  at  the  b; 
t(»   pive   rise   to   sr>rioii-    t-vi-n   f^.tnl     „ 
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or  yellowish  pHeudoniemhrane,  Microwfonieally  this  psemlo- 
nietiihrane  is  found  to  coiiaist  mainly  of  the  fibrillje  of  fibrin 
and  migrated  leukocytes. 

Chronic  laryngitis  may  follow  repeated  acute  attacks,  or  re- 
sult fnini  iiviruM'  uf  the  voice  ;  or  it  may  be  secondary  to  dis- 
eases ■il'  ilu- luiMipliiirynx.  The  m neons  memhrane  h  thick- 
emil,  line  [iiuiiily  to  an  increase  of  connective  tissue,  which  is 
characteristic  of  all  chronic  intlammations;  it  has  ijuite  fre- 
quently a  granular  appearance  as  a  result  of  enlai^-ment  uf 
llie  ran>mose  glands  of  the  larynx,  and  often  there  are  super- 
ficial ulcerations  or  erasJons. 

TubercoloBis  of  the  laiynz  is  genorully  secondary  to  pulmo- 
nary tubercuhffiis,  wTurring  in  about  30  per  cent,  of  these 
cases.  The  mucous  mcmiirane  is  thickened  from  the  presence 
of  characteristic  tubercles  or  a  dilTuse  infiltration ;  to  this  suc- 
ceed caseation  and  ulceration,  which  may  result  in  destruction 
of  the  vocal  cords. 

SyphillB  also  may  cause  deep  in  lilt  rations,  necrasis,  and 
ulceration  ;  secondarily  »«erious  deformities  may  arise  from 
ccintractiou  of  the  newly  formeil  cimnective  tissue. 

PapUloma,ta  cimstirute  more  than  one-half  the  tumors  of  the 
larynx.  They  arc  especially  common  in  people  whose  pnj- 
ft's.xion  requires  the  constant  use  of  the  voice.  They  grow 
most  frequently  from  the  squamous  epithelium  of  the  vocal 

Epithelioma  is  the  variety  of  cancer  generally  met  in  the 
larynx.  It  agipears  first  in  the  form  of  a  nmlular  thickening 
of  tlic  mucous  membrane,  which  later  underffoes  uEn'ration. 

Sarcoma  of  the  larynx,  which  is  usually  of  the  spindle> 
celled  variety,  is  not  of  frequent  occurrence. 

The  Bronchial  Tabes. 

Acnte  inOammatJon  of  the  bronchial  tuln's — Intin'hitin — 
results  frequently  from  the  extension  of  a  simple  inflamma- 
tory profress  in  the  upper  air-juiss^es ;  it  is  a^H^  almost  a 
constant  manifestation  of  certain  acute  infectious  diseases,  as 
typhoid  fever,  measles,  scarlet  fever,  who>iping- cough,  and  in- 
fluen/Ji.  The  lai^r  and  medium-si/ed  bronchi  are  involved  ; 
in  children,  however,  the  terminal  bronchioles  and  surround- 


.i^^^^^ 
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piinil<'ot  or  purulent,  ancJ  less  tenacious,  Iiit^tologically  resemb- 
liug  jiua  by  reason  of  the  large  number  of  leukocytes  present. 
When  tlie  amount  of  this  secretion  is  excessive,  esj»ecially  in 
more  dimuic  cases,  the  condition  is  known  as  broneltoir/wfa  f 
in  some  ingtauccs  the  wlor  of  the  spnium  is  very  iiQensive — 
fieliil  bronckith. 

Mia-oumpivalii/  the  bloodvessels  are  foiiud  tu  be  dilated,  and 
enrrunmling  them  and  infiltrating  the  walU  of  the  bronchi  are 
numerous  migrated  leukocytes  and  young  connective -tissue 
cells.  The  epitliolial  cells  of  the  mucosa  are  degenerate  and 
in  many  places  dest^uaraatcd  (Fig.  146). 

Chronic  bronchitis  occurs  most  coninionly  in  the  age<l,  who 
arc  "fti'u  predisposed  by  reason  of  a  passive  congestion  of  the 
Iniigs,  due  to  some  form  of  canliac  weakness.  It  may  follow 
a  neglected  acute  attack  or  gradually  develop  after  repeated 
eubneute  attacks.  It  is  also  frequently  associated  with 
enij>hyM?ma  or  other  diseases  nf  the  lungs,  with  gout  and 
Bright's  disease,  and,  in  chihlren,  with  rickets. 

The  bronchial  walls  are  usually  greatly  thickened  from  new 
connective-tissue  formation  in  the  outer  Hbrous  coat.  The 
mucous  membrane  is  generally  atmphic<l ;  the  epithelial  cells 
are  no  louger  columnar,  but  rounded  or  polygonal.  In  some 
coses,  however,  the  mucous  membrane  is  swollen  and  hyper- 
leniic,  and  dotted  with  little  gray  points — the  mucous  glands, 
whii-h  arc  greatly  enlafged. 

The  eartitageaof  the  bronchi  and  the  muscular  coaf  may  be 
3)ifarsupplante<l  by  newly  forming  connective  tissue  as  greatly 
to  weaken  their  walls.  This  in  connection  with  increase<l 
pressure  from  within,  due  to  the  increased  expiratory  efforts 
of  coughing,  may  cause  fusiform  or  saccular  dilatation  of  the 
bronchi  in  places,  bronchiectnxU. 

Fibrinous  bronchitii  is  a  variety  of  chronic  bronchitis  in 
*vhich  there  arc'  expectorated  at  lutervalis,  during  months  or 
years,  branching  tibrinous  casts  of  the  bronchi  of  a  lobe.  The 
exact  pathology  of  the  affection  is  not  understiMMi.  Similar 
casts  of  the  larger  tubes  may  result  from  an  extension  of  a 
diphtheritic  inflammation  of  the  larynx  or  trachea. 


1 
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tiriMai  applied.  The  afiecteiJ  anea^ 
tint  if  a  portion  ii^  thrown  into  w: 
Later  in  life  a  large  pleuritic  eff 
ehest-wally  may  result  in  the  colla| 
lobalar  oollapee  oocars  in  broncho-pi 
to  remilt  from  a  valve-like  obstmct 
plug  of  ronciid,  which  cannot  be  disl< 
pemiitK  the  air  to  e^<cape  from  the 
tifMue  iH  dry  and  tough,  has  a  firm, 
crepitate^  and  sinks  if  placed  in  wate 
ffistSy  there  i»  finally  an  entire  and  p< 
the  air-vcHicles  by  an  overgrowth  c 

EMFUySElCil 

Interstitial  emphyiema  is  a  condition 
of  sulxTUtaneous  tissues ;  there  is  an 
the  connective-tissue  septa  between  tl 
the  result  of  rupture  of  an  air-vesic 
quently  in  the  course  of  whooping-c 
monia  in  young  children  ;  and  from  e 
in  parturition,  defecation,  coughing,  e 

By  ▼esictilar  emphysema  we  undcn 
iiir-vcHiclcH  which  occurs  as  the  rosu 

tioU    (»f     th(»     hin(r-fi««iio     fri»»ii     ;nfl«t>^ 


PASSIVE  UYl'F.nMMlA. 


of  the  air-(i[iaL't'3  mav  Iw  so  great  as  to  be  apparent  to  the 
naked  c^e. 

MicroscopiaiUif  the  air-vesicles  are  found  to  be  ruiiiided  in- 
stead  of  [M>lygonflI,   and   are   increased   in   diameter.     The 


ScclJon  from  an  emnh^Bvinatoua  tang  (Rlbbcrt).    Tlie  imlmcinitry  bItl'oII  arc  i^u- 
laimd :  their  walls  atv  Hlrvlrliuil  aiKl  thinned  :  alnipliled  brcaiuc  of  ri'pe&ted 

Ihe  atrnphy  uf  Ibe  alvcolu  wall!  may  lead  to  Ibelr  Ifltal  deatmctlon  In  plarci. 
■o  that  ibe  cnvitira  of  nelghhuHiig  alveoli  conuuunleale.    (Compire  wllh  Fig. 

alveolar  walls  are  thinned  (see  Fig.  147) ;  and  the  bloodvesselfi, 
being  strctcbe<l  over  a  larger  siirfaw,  are  narrowed,  the 
anieniia  of  the  hnig-ti^'iio  thns  prodiired  further  favoring  the 
atrophy  and  degenerative  changes  in  tiie  alveolar  septa.  As 
a  reiitote  conieiftieiicF of  tlic  iiicrcaseii  iiuhnonarj-  blood-ppcasure 
there  is  hyperlropliv  of  the  right  heart. 

PASSIVE  HTFEB2UIA. 
Passive  hyperamia,  hnnni  iiiihimlimi,  or  broirn  mlema,  re- 
snltri  from  sonif  .ilt-tnu-tion  to  tlie  oiitHow  of  blowl  from  the 
lungs,  most  freipieutlv  from  .^ome  mv*xsirdiul  degeneration,  or 
valvular  lestion,  e.'^pecially  mitral ;  though  it  may  occur  in 
connection  with  aortic  stenoeis,  or  n>gurgitation. 
ii-Hi"t. 


J 


,„.rk,.,l,tli.'n.i-r.M,.i,|,.r;il,inii^-.v;i... 
.^rilir  liMi-;  iIm.  piriini,  itllrrlnl,lil;il- 
Kiv  ilii.'knirJ  Mua  |ii-itMnl.'.|.  'I'hc 
l)i-;»lcil  ;i])i)caniMcc,  ihiL-  ti.  the  pa— i 
capillary  bloodvessels.     Witliiii  tlie  a 

Fid.  148. 


Brown  IndunUnn  nf  lunii. 
tnliiInK   pigment  In   lui 


ooppiisolcs,  niimoron.1  Ieuko<;yfos,  an< 
wlls — niitiiy  <)f  wlik'Ii   contain    pipi 
nltcrcd  re<I  l>l(io«I-corpiisolos  wliioli 
(liflcMtwl  (sec  Fif.  14X),     Ijatpr,  thesf 
into  the  lynipliatic  system,  tin-  pijriiic 


LOBAR  PSEUMOSIA. 


339 


HEMORBHAOIC  IKFAACT. 
In&rctions  arf  iisiuilly  miiltipli',  ami  weiir  id  fiit  centre  of 
the  lower  Itilw,  or  in'ur  ilif  root  of  tlic  lung;  wlicu  .sii[(erlieial 
thcv  form  a  sliglit  flevation  Ix'nealh  tlie  pleura.  They  are 
wedge-shapei!,  (irm,  brown  in  color,  ainf  are  tJeitarated  by  a 
distinct  line  of  demarcation  from  the  surrounding  lung-tissue. 


u  ■  portion  nf 

VDIl<^wflh  h'lniii.wliichVln  Ihe  latter,  hat  jnuedthrtHiRt)  the  lap^ 
I.  ■vndi'ml  pprvloii*  by  mAlnultltlon,    This  blood  miir  be  dert --' 


(nim  Ibe  pulmonary  vein  ami  ateo  from  the  bi 
calva  with  the  capillaries  of  the  alreolur  walln 

Miermctypically  the  air-HpaceB  are  found  to  be  crowded  with 
red  blood -co  rpnwies  (see  Fig.  149), 

Fneomonia  \>-  the  tomi  em|iloyed  to  designate  inflammation 
of  Uie  limg,  in  cimtnidi^tiniTtion  to  inflammation  of  tlie  bnmchi 
or  iilciira.  Histologically  and  clinically  there  are  several 
well-defined  varieUc*  i>f  pneumonia  : 

LOBAR  PNEUMONIA. 
Lobar  pneumonia  in  sin  anilc,  itifci-tiou^,  M'lf-liniitcd  disease, 
with  n  definite  clinical  conric,  and  eliaraeterized  palhoh^ic- 
ally  by  an  cxtensi%'c  inflammntinn  of  the  lung,  involving  a 


« 


The  lower  lobe  of  llie  right  limg  if 
DiTiBion  of  process:  Tlio  luHuninu 
vided   into  lltrcc  .-t;igi;s  :  engoi^'me 
zatiou. 

In  tliG  stage  of  engorgemeat,  or  cor 
18  deep  red  in  color,  crepitates  less 
than  normal,  hut  in  nut  solidlHcd,  di 
water  ;  the  overlying  pleum  is  dull 
tion  a  bright  red,  frothy  ftnid  exude.' 

ficroBcopimlly  the  caiiillary  bloi 
are  greatly  dislcndcti  Hilh  hi 
what  ii{ion  the  air-Rpace^,  within  wlii 
red  bl 01  h1- corpuscles,  and  a  few  leul 
epithelial  cells.  A  similur  exudate 
bronehi. 

In  the  stage  of  red  hepatization  I 
which  has  pniin-d  inin  the  iiir-i^jmces 
pletcly  .s.ilidiHiii  (lie  liiiifi-tissiic,  gi\ 
tency.  On  pressure  tliL-  aH'ccteii  ai 
firm  to  the  touch,  yet  frtulite,  aud 
It  is  swollen,  and  upon  the  external 
an  imprint.  The  pleura  is  often  coi 
date.  On  section  the  surface  is 
glistening;  later,  as  the  fibrinous  p 
contract,  the  surface,  especially  if  toi 
ance,  and  with  a  little  care  the  projt 
be  lifte<l  or  scraped  from  the  air-spa 
perfect  mould. 

MiffoxcopicnUy  the  air-vesiclea  a: 
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walls.  The  exudate  in  the  bronchiohs  and  on  the  pleural 
surface  is  ponipose<l  of  similar  elements.  Tlio  capUlaiff  blood- 
vesaela  of  the  delicnto  walls  of  the  air-spacea  are  much  leaa 


,  -. uiunlly  lich  In  Ibd- 

-— J .-e  eoUwM  iluHng  tbolowlDR  of  IhK  clrciilnKon.    Tht  lino 

bpuinu  lolhennoleiunf  HlfukMTU,  Pkrt  of  the  blond  hiu  Dillen  oat  of  the 
•ection  durlRK  lU  prep*nitlnu.  c,  leukocytei  ben»lh  the  endolbelliim  ot  tha 
THcularmll:  d.  tedematoiu  Sbroiu  tlinie  >iirroaDdlDB  Itie  vewel.  Tbe  flbm 
Of  the  Unue  haw  been  lepKnled  b;  the  exnded  Mrum.  Tbli  tluue  li  bIu 
BuAtttMj  Infllmtvd  with  leukocTlc*  that  maj  have  puscd  IhroUKh  the  valla 
of  the  vela,  and  contaliu  a  few  red  blaod-eonmaclen.   r,  wall  aeparallac  iwo 

Slmnnaij  alveoli.    Thl>  Isabioennicwhat  Innltrated  with  leukocrtei.  /em- 
te  within  an  alveolut.  coailitlni;  nf  Hitim,  flbrln.  leukncytM-  and  red  blixid- 
Corpiuclei:  ttaliocnnlaliu  a  fe it  epithelial  cells  dmiuaaialed  ^vm  the  alveolar 

prominent  than  in  the  first  stage,  but  are  surrounded  by 
mijinited  leukocyte's  and  proliferating  connective-tissue  wlls, 
foreninners  of  the  hyiwrplawia  of  connective-tiKsue  which 
occurs  in  some  chronic  pneumonic  processes  (sou  Figs.  150 
and  151), 

In  the  stage  of  gray  bepatization  the  lung-tissue  still  re- 
mains »olirI,  hut  lu'comcs  luntthd  in  ap[)C!irance,  and  finally 
a  uniform  gniy  in  cnlor. 

Min-oneopiraUy  il  iw  fniinil  that  the  rr<l  til(H»d  corpuscles 
have  Ijceome  decolori«il  or  have  disappeared,  niul  the  fibrin 
filaments  are  broken  down  and  granular.     The  exudate  di 
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Resolution  i»  the  most  fi'equcnt  U'rmination,  and  ii^  brought 
alwiiit  Ijy  a  fatty  degeneration  and  liquefaction  of  ttie  exudate, 
wliich  i:^  finally  absorbed  by  the  lymphatics,  op  exjMK'torated. 

Abscess-formation  as  the  reenlt  of  secondary  infection  with 
pyojrriiif  iiii.ni-tirtpiniams  is  a  rare  termination.  It  occurs 
iiio.-t  fi-WjTH'iitly  in  the  np])er  lobes. 

Oangrene  hImi  is  a  rare  termination.  It  is  especially  liable 
to  irt^ciir  ill  tlic  ilniiikard,  and  in  cases  in  which  the  circulation 
i»  «™ai„gly  «c,,k. 

AsBoci&ted  lesions :  Although  the  inftammntorv  process  in 
the  lungs  is  the  characteristic  feature  of  lobar  pneumonia,  not  1 
infrequently  there  are  widespread  palhological  changes  due  to  ] 
the  general  syBtemic  intoxication.     Circulatory  failure  due  to.  J 


e  rally  degenersl 


LOBULAR  PNXUMOHIA. 

In  lobular  or  bnmcliopiieiuaoiiui  lite  iiifluiiiniatorv  process 
does  not  involve  large  aroas  of  Iting-tis^ue,  though  the  coiile^- 
rence  of  the  smaller  lobular  arean  of  consnlidalion,  which  are 
more  or  less  widely  distributed  tlirougliout  both  lungs,  may 
simulate  a  lobar  pneumonia. 

Etiology :  lobular  pneumonia  may  be  a  primary  aflection  ; 
but  it  is  much  more  frecjiiently  secondan',  iK-curring  in  the 
course  of  intluenm,  whooping-cough,  nicQHles,  and  other  infec- 
tious diseases.  In  animals  it  c^n  l>e  experiment  ally  pniduciKl 
by  causing  them  to  inhale  j^tiiim  or  ot tier  irritating  vajmrR; 
or  by  section  of  both  vagi — the  glottis  l>eing  i-cndered  insen- 
sitive, saliva  and  portions  of  food  carrj-ing  harmful  micro- 
organisms are  brought  to  (he  finer  bronchi  hy  iiihpiration. 
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Badena  play  an  important  part  iu  the  production  of 
catarrhal  pneumonia,  though  no  one  urgnnisni  is  recognized 
as  the  specific  cause.  In  a  lai^  percentage  of  cases  Frankel's 
pneuniococcus  \a  found. 

Lesions:  The  inflammatory  process  seems  always  to  begin 
in  the  terminal  bronchioles,  and  to  extend  by  contiguity  and 
continuity  to  surrounding  lung-tissue. 

Scattered  through  botfi  lungs  there  is  a  variable  number 
of  solid  patches,  some  of  which  are  due  to  collapse  of  the  air- 
vesicles,  while  some  are  the  result  of  inflammatory  exudation. 
The  collapsed  areas  vary  from  one-tenth  to  one-tifth  of  an 
inch  in  diameter,  and  are  depressed  l>elow  the  surface  of  the 
lung-tissue.  The  pneumonic  patches  vary  from  the  size  of  a. 
pea  to  that  of  a  hazelnut  or  walnut,  and  are  raised  above  the 
surface ;  the  overlying  pleura  may  be  somewhat  opaque  from 
inflammatory  exudation;  the  surrounding  pulmonary  tissue 
ia  often  more  or  less  cmphyscmatuns. 

As  a  whole  the  lungs  are  congested  but  crepitant ;  the  solid 
patches,  however,  are  airless  and  sink  in  water.  Un  section 
the  areas  of  collapse  are  found  to  be  more  or  less  conical  ia 
outline,  with  the  apex  directed  toward  the  bronchi  with  which 
they  are  connected.  The  pneumonic  patches  are  sofl  and 
friable,  at  first  dark  red,  and  later  grayish-yellow  in  color; 
they  are  not  scjwrated  by  a  sharp  line  of  demarcation  from 
the  surrounding  tissue.  By  the  coalesence  of  such  patches 
nearly  a  whole  lobe  may  be  involved,  in  which  case  it  is  often 
difficult  U)  distinguish  from  the  consolidation  of  a  lobar 
pneumonia.  The  cut  surface  of  such  an  area  is  smooth,  how- 
ever, not  granular;  irregular  in  outline;  and  there  are 
neighboring  smaller  areas  which  have  not  as  yet  become  fused 
to  the  lai^r  one. 

The  inflammatory  process  is  sometimes  divided  into  two 
stages,  red  and  gray  splenization,  corresponding  to  red  and 
gray  hepatization  of  the  lobar  variety. 

MteroscopieaUi/,  in  the  earlif  stage  of  red  spliiiisation,  if  a 
single  lobule  is  examined,  we  note  in  the  centre  a  small 
bronchus  with  infiltrated,  thick  walls;  its  lumen  may  be 
filled  with  leukocytes  and  desquamated  epithelial  cells.  The 
interlobular  connective  tissue  and  alveolar  walls  are  also 
infiltrated   and   thickened  by  proliferating   connective-tiasne 
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cells  and  migrated  leukocytes.  Tlie  air-spaces  immediately 
surrounding  the  bronchus  are  filled  with  a  fibrlllurj-  network 
of  fihrin,  a  variable  number  of  rtsj  and  white  hltjod-eorjuia- 
fles,  and  epithelial  rolls.  A  little  further  from  the  bronchus 
the  air-GpGceti  contuin  only  tiie  lar^e,  flat,  rounded  or  oval  cells 
derive<l  from  the  proliferating  epithelium  which  linca  the 
alveolus. 

I  n  the  fafer  sOige  of  gmif  splenlzatton  there  are  fatty  de^ne- 
ration  and  liquefaction  of  the  alveolar  exudate,  part  of  which 
is  finally  expectorated  and  part  alisorbed  by  the  lymphatics. 

BeBolntioii  is  the  usual  termination.  ^Vith  the  ahsorirtion 
of  the  alveolar  exudate  the  rouud-celleil  inlillralion  of  the 
walls  disappears ;  the  whole  process  takes  much  longer,  how- 
ever, than  in  lobar  pneumonia. 


OHBOMIO  INTEBSTITIAL  PNEUMONIA. 

Chronic  interstitial  pneumonia,  tir  Jilironiif,  is  characterized  by 
an  I'xiissivr  Inirtiatiuii  of  new  fibrous  tissue,  involving  the 
alvciikir  h;i1Is  iitid  tlii'  sup|>orting  connective-tissue  frame- 
work of  till'  lungs,  ]t  may  he  secondary  to  lobar  or  lobular 
pneumonia,  or  due  to  the  inhalation  of  solid  irritating  [latches 
— pneumokoniosis. 

The  affected  lung  is  generally  smaller  than  normal,  and 
feels  firm,  fibrous,  and  elastic  ;  branckiectatic  cavities  are  fre- 
quently met.  When  due  to  the  inhalation  of  particles  of  coal 
or  ciiH)on — milhracrisi)t — the  lungs  are  deeply  pigmentet) ; 
similar  lesions  occur  in  artificers  in  iron  anil  steel — sideroms — 
only  the  coloration  is  bniwn  instead  of  black  ;  nilicottlg  is  the 
term  applied  to  an  analogous  condition  in  quarrymen,  in 
which  the  lungs  have  a  marblp-like  or  slate-like  apfiearance, 
produced  by  inhalation  of  the  dust-jmrticles  of  diy  silicious 
stone. 

Mu'roHcopmtlly  there  is  notctl  thickening  of  the  pleura, 
the  interlobular  septa  continuous  with  its  deeper  layer,  the 
pcribmncliial  and  perivascular  tissue,  and  the  interalvoolar 
septa.  The  air-vesicIes  are  compressed,  their  walls  thickened 
and  fibrous  (Fig.  lo3).  Following  lobar  pneumonia,  cases 
have  l>een  described  in  which,  in  addition  to  the  thickening 
of  tile  walls  of  the  air-spaces,  there  was  or^nization  of  the 
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alveolar  exudate  in  places,  appearing  even  a  few  days  after 
the  onset  of  the  disease,  were  mtia  alveolar  plugs  of  newly 
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formed  fibrous  tissue,  well  supplied  with  hli.iod vessels 
tnunicating  with  those  of  the  alveolar  walls. 


0A2Ta£EN£. 

Oangrene  of  the  lungs  occurs  as  the  result  of  obstruction 
(if  (lie  pulmiinary  or  bronchial  arteries,  and  in  the  course  of 
typh.iid  nnd  other  infectious  diseases.  It  may  follow  a  pneu- 
nmnia  ;  result  from  a  wound  of  the  lungs ;  or  be  due  to  press- 
ure, as  by  an  aneurism  or  liy  some  foreign  body  in  a  bron- 
chus. It  may  also  result  from  the  extension  of  necrotic  proc- 
esses from  neighboring  fitruetiires.  There  are  two  varieties  : 
the  cin'umscribed  and  the  diffuse. 

In  the  wcvm»eribe.d  vnriHt/  there  are  usually  one  or  more 
small  fod  in  each  lung,  blackish,  even  greenish  in  appearance. 
These  foci  have  a  most  offensive  mlor,  arc  soft  and  pultaceous, 
and  are  surrounded  by  congestwl  or  hcpatlzcd  lung-tissue. 

Diffuse  gavt/renotis  areas  may  result  from  the  coalescence 
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of  smaller  fiici,  or  may  be  diffuse  from  the  first  and  involve 
even  an  entire  lung. 

The  xpuluin  is  iisuiilly  inlcnsely  fretid. 

THE  INFECTIVE  GRANULOMATA. 
TUBERCULOSIS  OF  THE  LUNGS, 

The  pathologieul  cliunges  in  the  hings  prodtiecd  by  the 
tnbercle  badUns  vary  somewhat  with  the  ditffn^nt  modes  of 
iiifeetion,  whether  through  the  respiratory  pa.s,^gts,  the  blood 
or  lymph  channels  ;  also  with  the  number  and  virulenee  of  the 
bacilli,  and  more  especially  with  the  ability  of  the  patient  to 
withstand  their  invasion.  This  last  depends  not  only  on  the 
stale  uf  one's  general  health,  but  also  on  one's  inherited  ten- 
dencies toward  the  disease,  the  importunee  of  which  cannot  be 
overestimated.  Jtiat  what  is  transmitte<i  to  an  individual 
who  inherits  a  predis{KMition  to  tnl>ereulosis  otiuiiot  be  stated 
further  than  that  there  is  a  soil  markeiily  favorable  to  the 
growth  of  the  germ. 

Besides  the  characteristic  lesion — the  faistolo{:icaI  tubercle 
— which  is  distinctive  of  the  pathological  changes  produced 
by  the  tubercle  bacillus,  these  organisms  arc  ca{Nible  of  excit- 
ing tissue-changes  quite  similar  to  those  of  ordinary  simple 
inflammation.  As  in  simple  inflammations,  the  more  intense 
the  irritant  the  more  prominent  the  phenomena  of  cellular  and 
serous  exudation,  whde  in  inflammations  of  longer  duration 
and  less  intensity  the  characteristic  feature  is  the  tendency 
towani  organization  and  production  of  new  fibrous  tissue;  so 
some  tubercular  inflammations  are characterizcnl  by  exudations 
and  others  by  proliferative  changes. 

When  the  bacilli  gain  access  by, andaredistrlbuted  through 
the  medium  of  the  hronehia!  luben  in  fart/e  numlicfn,  the  lesions 
are  not  so  sharply  circumscribed  aa  they  are  when  the  oi^jan- 
isms  are  depositoil /com /Ac  Wootfrowf/s  here  and  then'  in  the 
pulmonary  tissue  in  miuiil  nnmhern;  nor  are  they  of  the  same 
productive  tyne,  but  are  oharaeterixiHl  by  more  extensive 
exudation  ana  a  greater  tendency  to  eoatfulation-necrosis, 
caseation,  and  the  involvement  of  larger  area-. 

In  the  broQchogenic  tubercular  Inflammationa  of  the  lungs, 
in  some  instances  there  is  a  tendency  for  (he  areas  of  pneu- 


t* 


z     3  :   ri' 


\tLT    .fL'i^xJt^. 


Ill  •!..•    '   •:-      l:::'.-  ■!    i-     •  ixp  -n    "•     "ap    nnr"]iixni*ir     rn 


r 


!.'»*•_—•«"! — V*--    i»  n-L^    ui.":    xiaJjT 


_•  J-  .  T- 


-    "■::  -a 

■  ■•~ri->a 


I*    '  •  .    •  _••-■ 

. .   '     /"  ■  .    -   .  -  . 


:>  :'r.r  rtsult 
-:>-  >  ill  this 

::.t  r  i;iv«iriiig 


**  •♦ 


■  -  • 

■  • 


-        a  ft     -    ■ 


•  •,.'-. 


from  the 
;:rai«.»rv  |>as- 


ACUTE  MILIARY  TUBERCULOSIS.  349 

sages.  It  might  be  assumed  that  where  each  organism  is 
deposited  from  the  blood  there  results  the  accumulation  of 
epithelioid  and  lymphoid  cells,  with  possibly  a  giant-cell  in 
their  centre,  which  constitutes  the  typically  histological 
tubercle  ;  and  that  the  "  system  "  of  such  histological  tubercles, 
of  which  even  the  smallest  gray  miliary  tubercle  visible  to  the 
naked  eye  is  formed,  results  from  the  presence  of  as  many 
organisms.  Secondarily  are  noted  the  exudations  into  the 
surrounding  air-spaces.  The  conditions  which  hold  in  the 
lungs  differ  from  those  in  other  organs  of  the  body  on  account 
of  the  accessibility  of  the  former  not  only  to  the  tubercle 
bacilli  in  larger  numbers,  which  is  regarded  as  an  explanation 
of  the  greater  prominence  of  inflammatory  exudations,  but 
also  to  streptococci  and  other  secondarily  infecting  organisms, 
which  play  a  most  important  part  in  pulmonary  tuberculosis. 

Acute  Miliary  Tuberculosis. 

Acute  miliary  tuberculosis  occurs  usually  as  part  of  a  gene- 
ral miliary  tuberculosis,  which  not  infrequently  results  from 
the  rupture  of  some  tubercular  focus — such  as  a  caseous 
lymph-gland — into  a  bloodvessel ;  or  follows  operations  upon 
tubercular  joints  or  bones.  Clinically  the  disease  has  always 
had  a  peculiar  interest  on  account  of  its  resemblance  to 
typhoid  fever  at  certoin  stages. 

The  lungs  are  congested  and  studded  throughout  with  small 
grayish,  gelatinous-looking  nodules  about  the  size  of  millet 
seeds  or  small  shot ;  at  first  they  may  be  so  small  and  trans- 
lucent as  to  be  scarcely  visible  to  the  naked  eye,  though 
finally  becoming  quite  large,  especially  in  the  lungs  of  chil- 
dren. They  may  be  widely  separated  or  so  closely  set  as  to 
solidify  the  whole  lung.  Some  may  be  yellowish  from  ad- 
vancing caseation.  Microscopicalhf  it  is  noted  that  these 
nodules  are  situated  in  the  interlobular  or  interalveolar  septa, 
and  are  composed  of  several  histological  tubercles  (Fig.  154). 
In  thes(;  acute  processes  giant-cells  are  not  often  seen,  tl>e 
centre  and  often  the  entire  tubercle  being  caseous.  The  sur- 
rounding air-sj)aces  may  be  more  or  less  completely  filled 
with  inflammatory  exudates,  and  the  interalveolar  septa  con- 
siderably thickened. 
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In  more  chronic  c»m«,  in  which  perhaps  the  bacilli  are  lew 
virulent  or  are  admitted  more  slowly  to  the  lungs,  tlic  nodiilus 
are  lurgiir  and  not  so  numerous;  the  areas  i>t'  t-aseous  degen- 
eration arc  much  more  extensive. 
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Acute  Phthisis. 

As  has  already  1k-lii  jiointcd  nut,  the  main  featnres  of 
phthisin  arc  the  lobar  and  lobular  consolidatioaB,  which  are 
wont  -Speedily  to  undei^o  Oii.seation.  The  size  of  these  pneu- 
monic areas  may  vary  greatly. 

In  the  earlier  stages  grayish  miliary  (tatchcs,  one-twelfth  to 
one  sixth  of  an  inch  in  diameter,  stand  out  prominently  be- 
neath the  pleura  or  njwii  tiie  congested  cut  surface  of  the 
lungs,  in  greatest  numlier  at  the  apice*.  MiiTfutcopU-aUy  the 
patches  are  found  to  have  eaeh  a  caseous  ecntre,  which  la 
structureless  and  granular  in  ap|>parance — the  outline  of  the 
ur-Bpoces  may,  however,  be  faintly  discernible ;  further  away 
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from  this  central  zone  the  alveoli  are  filled  with  ttatRrrhal  or 
lihrinoiis  exudations  {Figs.  155  and  166).  Nfar  llic  rentre 
of  tile  jiateli  may  be  noted  a  broucbiole,  its  lumen  (illctl  with 
<les(itiamated  epithelial  celh  and  n  granular  dehris.  The  walls 
of  the  air- vesicles  uiid  bronchioles  are  infiltrated  ami  wmuwhat 
thickened. 

At  ft  later  stage  these  areas  of  consolidation  reach  the  size 
of  a  ha/elnut  or  wid nut,  or  they  may  involve  an  entire  lobe  or 
even  tiie  whole  lung.     Although  »ueh  a  diffuse  consolidation 

Via.  16& 


may  apjK-ar  ijulte  a.-^  nnifomi  as  tlint  of  lohnr  ]meumnnia,  mi- 
eroseopically  there  is  Uniialiy  evidence  of  an  original  lobular 
character  of  the  iutliimnialork'  process. 

On  gecilon  the  surface  (»f  the  affected  areas,  which  have 
l>ecomc  Tclluwish  in  color  as  the  result  of  extensive  ca^ioation, 
is  generally  smootli,  though  it  may  have  a  granular  apjHfflr- 
ance  when  the  character  of  the  inflammatory  exudate  is  fibrin- 
ous.    The  lungs  nmy  be  fairly  riddled  with  email,  irrcgubr 
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cavities  witli  cheesy  walls,  reaiilting  from  the  breaking  doWTi  ■ 
and  evacuation  (if  the  caseous  material.     The  jilfiira  is  gener- 
ally thickened,  esjiecially  over  the  apices. 

Microscopiralii/  it  is  tioted  that  the  areas  of  eon^olidatktn  ' 
are  formed  of  the  smaller  [ratches  just  deecribMl,  each  with  a  1 
caseous  centre  and  an  outer  zone  of  air-spaces  filled  by  inflam-  1 
matory  exudations.  The  jrerihronchial  connective  tissue  and  i 
alveolar  septa  are  infiltrated  as  in  lobular  pneumonia,  and 
occasionally  typical  histological  tuliercles  may  !«■  seen  here  i 
and  there,  especially  at  the  i>eriphery  of  the  pneumonic  areas. 
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Suction  of  liiiiR  troiB  a  oue  of  Bcnte  pbtbl»l».  Khuwlng  that  the  miiBulldatlon  OMi- 
■iRla  ■Imnsi  cirlUBlvely  c>r  produpis  ivcumiilBU'd  within  Ihi^  alveoli.  In  annie 
pans  H  free  Hp&ce  1b  seen  between  thu  alvmUr  wbIIb  anil  thtlT  coDtcnlBj  tbia 
IB  due  ilmplr  tu  thu  Blirinklag  of  tbe  latter  caUBbil  by  Lardenlng  ut  the  specl- 
mva.    \  W  (Greco). 

Besides  the  cases  which  conform  to  a  lobnlar  type  of  pneu- 
monia, others  have  been  de»M'ril)ed  which  re8emhle<l  lobar  1 
pneumonia,  not  only  in  the  character  of  the  inflammatory  i 
oxudiitc,  but  also  in  its  loltar  distribution.  In  some  instances  | 
of  aculc  (dithisis,  tubercles  may  be  entirely  aliwnt,  or  ftt  least  % 
indistinguishable  in  consct{Ucnce  of  the  extensive  caseoita  de^.J 
generation ;  though  they  can  generally  be  found,  if  not  in  t 
lungs,  on  the  pleura,  or  peritoneum,  or  elsewhere. 
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Chronic  Fbtbisis. 


Chronic  phthisis  is  ilu'  <'i>iiiiiu)ti  t'lu'in  i>f  piiliiKuuirv  lulH;r- 
ciilosis.  Tlie  primury  losioiiH  are  gtiuTJilly  i'ounil  in  tlio  aiHces 
(if  the  lungs.  In  the  great  majority  of  cast-s  the  inspircil  ttir 
is  the  soiirrc  of  the  infection,  lliougli  iieejiainnnlly  without 
doubt  the  tubercle  bacilli  are  intrtKlueed  through  the  blood  or 


lymph  channels— the  fnrtlier  extension  of  the  iHwase  result- 
ing from  ruptureofn  caseous  focus  into  a  bmnchus  and  aspira- 
tion of  the  infeetoil  material  into  other  parts  of  the  lungs. 

The  lungsan-  firmly  adherent  to  the  ehest-wiill  ;  the  pleural 
cavities  may  be  thus  entirely  obliterated.     The  pleune  are 
IS— HlfL 


354        DISEASES  OF  THE  RESPIRATORY  ORQANB. 

greatly  thickened — even  as  much  as  a  quarter  of  an  inch  at  the 
apicf.s — and  librous,  and  may  be  studded  ^-ith  gray  gelatinous 
nodules.  On  «e<iifm&  most  characteristic  lesion  is  noted  :  the 
cavity,  which  rcHults  from  liquefaction  of  caseous  areax  (Fw. 
1 57).  They  arc  uinst  frequent  in  the  upi)er  lubes,  and  vary  in 
size  from  that  of  u  hazelnut  to  that  of  a  email  orange,  or  even 
much  lai^r,  and  have  glistening,  firm  fibrous  u'alls.  Espe- 
cially niinicroiis  in  the  upper  pert  of  the  lungs  are  noted 
irregularly  rounded,  opaque,  grayish  or  yellowish  areas  of 
consolidation. 

Tlie  histoloffical  changes  are  similar  to  those  in  acute 
phthisis,  except  as  modified  by  the  longer  duration  of  the 
influmiiiutory  process.  In  the  centre  of  these  areas  the 
tubercles  cuimut  be  distinguished  on  account  of  the  caseous 
degeneration  which  has  taken  place ;  at  the  periphery,  however, 
they  may  be.  Here  and  there  arc  nodules  which  are  found  to 
be  compnswl  of  sevcnil  histol<^ical  tubercles.  The  centre  of 
such  a  pywtcni  of  ttilicrclcs  is  generally  caw-du.-ji,  though  it  may 
be  firm  and  fibrous.  These  tiilK-i-clcK  are  sitnnted  in  the  intor- 
alveolur  and  interlobular  septa,  nnd  may  be  seen  in  various 
stages  of  development.  They  are  generally  surrounded  by 
patches  of  catarrhal  or  fibrinous  exudation. 

Fibroid  Phthisis. 

In  fibroid  phthisis,  whioli  i.s  the  most  elironic  form  of  the 
disease,  the  reparative  efforts  on  the  part  of  nature  predomi- 
nate over  the  destructive  effects  produced  bv  the  tubercle 
bacilli.  An  area  of  c^iseation  is  often  found  to  be  surrounde<l 
bv  a  capsule  of  more  or  less  fully  devclojx^l  fibrous  tissue,  and 
thus  its  further  extension  is  nrrestcil.  There  is  always  an 
es[)eeially  marked  increase  in  the  nmoiinf  of  intcmlveolar  and 
interlobulnr  connective  tissue,  which  lends  to  extensive  indu- 
ration of  the  lung-tissue. 

Tuboivulosis  is  often  engrafted  upon  simple  chronic  inter- 
stitial pneumonia. 

The  complications  of  phthisis  are  numerous  and  important-. 
Tlie  plrurii  is  nearly  always  iiupllcattKl.  In  acute  cases, 
over  pneumonic  nn-aa,  it  is  usually  the  seat  of  a  sciYipunilcnt 
or  fibrinouij  exudation,  as  in  lobar  pneunioniu;  or  a  difluae 
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nctite  inflammation  may  result  fnim  rupture  of  a  tubercular 
focuM  into  the  pleura)  ravity.  In  more  chronic  cases  there 
are  almomt  ronstantly,  extenflive  adhetiions  between  the  parietal 
and  visceral  layers. 

Eiiene'ion  of  the  tiiberciilar  process  in  the  lung  itself  is 
eau!^  by  the  aspiration  of  material  from  caseous  foci  to 
other  parts.  Sputum  loaded  with  tubercle  bacilli  is  very 
apt  to  infect  the  up|>C'r  air-])at>sageii,  and,  if  swallowed,  the 
g;a.stro- intestinal  tract.  A  general  miliar)'  tuberculosis  may 
result  from  secondary  infection  of  the  blood — through  tuber- 
cular infiltration  of  the  vessel-wall  or  rupture  of  a  caseous 
focus  into  its  lumen. 

Pneumothorax  is  due  to  perforation  of  the  pleura.  The 
pleura  is  very  liable  to  undei^  necrosis  at  a  given  point  as 
the  result  of  an  underlying  focus  of  caseation  in  which  are 
involved  the  bloodvosscU  which  nourisli  it.  If  this  occurn 
before  pleuritic  adhesions  have  lieen  formed,  perforation  occurs. 
In  this  manner  arc  explained  many  cases  in  which  an  acute 
pleurisy  seems  to  precede  the  development  of  the  pulmonary 
aifection. 

Fatal  hcmorrhaf/e  may  result  from  emsion  of  one  of  the 
branches  of  the  pulmonary  artery. 

An(pmla,emacinlmi,anf\frrn-  are  constant  accompaniments 
of  phthisis. 

Wirieitpreod  amt/foid  cliaiif/rii  in  the  viscera  are  present  in 
a  large  number  of  cases. 

STFHILIB  OF  THE  LUNGS. 

Syptdlitic  inflammation  of  the  lungs  in  adults  is  rare ;  though 
gnmmnta.  up]>earing  as  grayish  or  ycllowirili  ninnded  nodules, 
arc  somctinies  observed.  They  may  undergo  central  necrosis, 
and  thus  result  in  the  formation  of  cavities. 

In  mngeniUif  »itphllU  there  is  sometimes  a  consolidation  of 
extensive  arena  of  lung-tif«ne,  to  whieh  the  term  white  pneu- 
monia has  been  given,  on  account  nf  the  |jale  and  nnfemic 
appearance  of  the  aSected  areas.  M'KT'meojimilly  there  is 
notcti  a  gri'at  increase  in  the  connective  tissue,  as  in  chninir 
interstitial  pneimionin,  and  a  catarrhal  exudate  within  the 
alveoli. 
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Glanders  also  rarely  affbcl 
fuse  inflammation  with  absc 
tenstic  nmlules  which  micro 
maases  of  round  cells. 

In  leprosy  the  lungs  are 
resemblmg  very  closely  tho 

Tumors;  Fibromata,  lipom* 

carcnomata  are  sometimes  Ob 
sarcoma  .s  quite  common,  an 
than  primary.  Secondar;  « 
secondary  sarcoma. 

THE  F 

Hamothorai  is  a  term  indica 
It  may  result  from  rupture  of 
"bs  or  other  injury  to  the  ch« 

Hydrothorax  signifies  a  non 
?^rum  i„  ,he  pleufal  cavity    " 


PLEURITIS. 

,     PLEURITIS. 

PlenritiB,  plniri»y  or  iitfi'iminnl'ioii  nf  the  pleura,  \»  nearly 
ahvayts  socomlarv  to  an  ailjju-cnt  iiiHaiiimiitorv  pruees,?,  as 
iH-ricarditis,  pneumonia,  gfln^rreiio  or  tiibcrunlosis  of  the  liines. 
It  may  occur  in  thp  course  of  some  general  disease,  as  pyfemia, 
gcptictemia,  typliolil  fever,  influenza,  anil  other  infectious  dis- 
eawca,  rheumatism,  gout,  and  Briglit's  disease. 

Several  varieties  are  usually  described  aecitnling  to  the  char- 
acter of  the  iiit]aniniatf>ry  exudate :  fibrinous,  nerotibrinous, 
and  purulent. 

The  fibrinous  variety  is  generally  confined  to  circumscribed 
areas,  ihnUfih  it  may  involve  the  entire  pleura  on  one  side. 
At  first  tlic  Mit'ijibraue  is  congei^ted  and  it«  normal  glistening 
appeanuiix!  is  lost,  due  to  the  cloudy  swelling  of  the  endo- 
thelial cells,  the  exudations  and  other  phenomena  character- 
istic of  the  early  stage  of  inflammation.  The  serous  exudate, 
rich  in  fibrin,  coagulates  in  tlio  form  of  a  thin  white  jiellicle 
on  the  surface,  varj'ing  in  thickness  in  different  cases.  Where 
opjKised  surfaces  have  become  agglutinated,  on  separation 
there  is  oAen  a  shaggii'  appearance  somewhat  similar  to  that 
prtMluoed  by  pressing  together  the  buttered  surfaces  of  two 
pieces  of  bread — "  bread-and-butter"  pleurlsv. 

MicTOBCopically  may  be  noted  tlie  dilated  blo(Kl vessels,  sur- 
rounding which  and  infiltrating  the  connective  tissue  are 
numberless  migrated  leukocytes.  The  thin  pellicle  on  the 
surface  of  the  pleura  consists  of  a  delicate  network  of  fibrin- 
filaments,  containing  in  its  meshes  migrated  leukocytes,  red 
blood -corpuscles,  and  possibly  a  few  desquamated  endothelial 
cells,  resembling  thus  veiy  closely  the  alveolar  exudate  in  the 
stage  of  TCil  hepatization  of  pneumonia.  At  this  stage  opposed 
pleural  surfaces,  which  are  found  adherent,  can  readily  be  sep- 
arated. Later,  however,  on  this  temporary  scaffolding  of 
fibrin  a  new  connective  tissue  is  built,  tlirough  the  agency  of 
the  leukocytes  and  proliferating  endothelial  cells,  which 
results  finallv  in  firm  fibrous  adhesions. 
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The  seroflbrinoQS  varied  may  be  s'nip., 
stage   of  the   inflammatory    process.     The   c|uantily   oi    me 
serons  exudate  which  aecumnlates  in  the  pleural  cavity  varies 
ereatly — it  may  exceed  four  litres. 


Empyema:    A    purulent    ctl'u.-ioi 
results  citlicr  j)riniarily   iVoin  the 
<lu('in«x  niicr()-()r;:;:niisin,  or  tVoni  xc* 
serous  ettusion.     Tlie  niicro-orgiiiii 
are  the  pneumococcus,  streptococcu.* 
cle  bacillus ;  occasionally  the  bacill 
The  pleura  is  greatly  thickened,  an 
or   less  abundant  granulations, 
result  in  perforation  of  the  pleura 
sion  externally  through  the  thora< 
through  the  diaphragm  into  the  pe: 
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CHAPTER    VT. 


DISEAftil-iS  OF  THE  GASTRO-INTESTINAL  TRACT. 


THE  MOUTH. 


iiibrane  of  the  mouti 


To  inflanuiiaiion  of  llic   iimi 
tLe  term  stomatitis  is  appHett. 

Oatoirlial  stomatitii  h  A  simple  iiiflummutiou  uiiatC^iiiTeti  hy 
ulccrution.  It  orciim  must  frequently  in  children,  and  reisulta 
from  u  great  variety  of  (^iises,  such  as  food  which  is  too  liot 
or  too  cold,  lack  of  cleanliness,  etc.  The  mucous  membrane 
is  congested  and  swollen,  and  either  unduly  drj-  or  there  is 
un  increased  production  of  its  mucous  secretion. 

Oroapons  or  psendomembranoiis  stomatitis  is  nearly  always 
due  to  the  extension  of  a  ^^iniiiar  inflammation  in  the  pharynx, 
pnxlueeil  by  the  liacilius  "f  diplitiu'ria. 

Ulcerous  stomatitis  occurs  most  fre<(tiently  between  the  agea 
of  four  and  ten  years;  though  it  may  occur  in  adults  in  local- 
izwl  epidemics,  in  camps  and  garrisons.  Certain  drugs,  espe- 
cially mercury,  are  capable  of  producing  similar  lesions.  1  he 
inflammatory  process  i>egins  on  the  bonier  of  the  gum.s 
and  extends  tn  the  lips,  cheeks,  and  e<lges  of  the  tongue.  The 
ulcers  which  form  on  the  lins  and  cheeks  may  become  quite 
large.  Suppuration  and  destruction  of  tissue  around  the 
teeth  may  be  .so  great  that  they  fiuully  become  loosened  and 
fall  out 

Aphthous  stomatitis  also  occurs  moat  frequently  in  children. 
Bad  livji;ii'iii',  an!  debility  resulting  from  prolonged  illness, arc 
pjiHlisiHi-iiiy:  .aii-i-;.  it  is  characterized  by  the  presence  of 
small  yeltowi;ili-wiiite  patches  {tiphthfF),  lying  on  nn  inflamed 
base,  and  varving  in  size  from  that  of  a  hcmp-sce<]  to  Ihat  of 
a  split  pea.  The  lesion  first  H|)|>earsasn  small  nil  jtnpnlewilh 
a  whitish  centre.  By  the  eu<l  of  twenty  four  hours  this  white 
central  area  of  degeiieni(tvt  epithelial  eelU  involves  the  wlmli 
patch.     The  inflammatory  process  seldom  liv<ls  t<i  nlwralion. 
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Gangrenoua  stomatitis,  noma,  oreaumuii  orin,  is  a  rare  affec- 
tion, cliafacterizwl  by  a  fprcadiiig  gangrene  of  the  cheek,  gen- 
erally involving  one  »!i(le  only  ;  it  is  nearly  always  fatal.  It 
occurs  most  fru<{nently  in  weakly,  ilI-noiirislie<1  cliiklrt-ti, 
e^pcciuily  after  some  exhausting  acute  infc<;tioiis  (iiscase.  TIii' 
earliest  lesion  usually  noted  is  a  slougliing  nicer  on  the  inside 
of  the  <'heek,  near  the  corner  of  tlie  mouth.  The  mucous 
luembrane  l)ecomcs  black  and  gangrenous,  and  soon  the  pr«>c- 
ess  involves  the  entire  thickness  of  the  cheek  and  extends  in 
all  directions. 

Thrnsh,  or  ninguet,  is  a  mycotic  stomatitis,  due  to  a  fungus, 
the  oidium  albicans,  occurring  especially  in  infants.  It  is 
characterized  l»y  the  presence  of  white  i»atchcs,  resembling 
cunllol  milk,  upon  the  mucous  membrane.  There  is  a  ten- 
dency for  these  patches  to  extend  and  involve  the  pharj'nx, 
and  even  the  g-astro-intestinal  tract.  If  a  white  ]Kitch  is  rt-- 
nioved,  the  underlying  mucous  niGmbriino  is  rctl,  enided,  and 
may  bleed.  Miemscopica/li/  the  white  deposit  is  found  to  be 
coni|)osed  of  the  delicate  filaments  of  the  jnrasite  and  degen- 
erated epithelial  cells. 

All  the  infections  grannlomata  m;iy  atfert  the  mucous  mem- 
brane of  the  mouth. 

Tiihrrcii/osin  is  not  often  noted.  It  may  \>o  primary  or  sec- 
ondary. The  nodular  masses  undergo  casciition,  often  result- 
ing in  the  formation  of  ulcers  closely  re,*einl)ling  those  of 
tertian-  syphilis. 

Sifpl'lfix  affects  the  mouth  fitlier  in  the  form  of  mucous 
patches  in  the  secondary  singe  ;  or  unniniata  varying  in  size 
from  that  of  a  pea  to  that  of  a  hazcluiil,  in  the  tertiary.  The 
gummata  may  break  down  and  h-avc  dwp  i^igged  ulcers  in 
their  site. 

Tumors :  Fhit-ecUed  carchmmtito,  epithclioniata,  are  of  quite 
freijuent  occurrence.  They  appear  first  as  a  >inall  nodnle,  or 
cinruniwribcd  i  nil  Ural  ion,  wliicli  s.hju  lends  to  ulcerate  and 
spread  rapidly. 

/Sarcomata  usually  afTect  the  niiiiis,  sart-orualous  epulis. 


DIPHTHERIA. 


THE  PHARYNX. 


Simpl*  catarrlial  mflammation  of  the  pharynx,  or  Kniiple  an- 
t/inii,  i&  ilue  to  L'xpuisiiri;  to  (xild,  ur  occurs  in  tliu  course  of 
acute  infectious  fevers.  A  more  chronic  inflammation  may 
result  from  the  excessive  u»e  of  the  voice,  or  i)e  secondary  to 
some  discnsc  of  the  nasal  cavities.  The  mucous  membrane  is 
red  and  swollen.  In  some  cases  vesicles  form,  which  hurst 
and  leave  behind  small  superficial  erosions.  Not  infi-equently 
there  are  granulation-like  projections  above  the  surface  of  the 
mucous  membrane,  due  to  hypertrophy,  or  distention  of  the 
mucous  glands,  or  to  hypcrplusia  of  the  lymphatic  follicles. 

At  first  the  mucous  membrane  is  thickened,  but  later  it 
often  becomes  atrophic. 

PaendomembranonB  pharyngitis  is  in  most  instances  produced 
by  the  KIcbs-Loftlor  bacilluw  diphthcriiD.  Lesions  in  every 
other  way  sioiilur  arc  sometimes  producetl  by  other  micro- 
orgiNiisms,  nolably  the  streptococcus  pyogenes.  Such  "diph- 
theritic" pseudomembranea  are  esi)ecially  frequent  in  scar- 
latina and  other  acute  infectious  diseases,  and  may  also  follow 
the  application  of  various  irritants  to  the  mucous  mcmbmne. 

Diphtheria  is  an  acute  infectious  disease  characterized  by  a 
severe  toxa?mia,  giving  rise  to  an  irregular  fever,  great  pros- 
tration, often  followed  by  i^ardiae  and  other  localize<l  or  gene- 
ral jtaralyses ;  and  locally  by  the  formation  of  a  pseudomem- 
brane  at  the  point  of  lo<Igment  of  the  diphtheria  bacilli,  either 
on  an  abraded  surface  or  a  mucous  membrane,  generally  that 
of  the  pharynx  and  upper  air-passages. 

The  pseudo membrane  is  grayish-white,  later  yellowish- 
while  in  color.  Small  patchesappear  on  the  pt^terior  pharyn- 
geal wall,  the  tonsils,  soft  [«late,  or  nares,  which  tend  nipidly 
to  extend  and  coalesce,  and  thus  may  cover  the  whole  jiharynx  ; 
less  frequently  on  the  hue<«l  walls,  the  <psonhagus,  stomach, 
vagina,  uterus,  and  on  surface  abrasions.  The  ])seudomem- 
brane  is  more  or  less  adherent,  and  if  removed  a  raw  bleeding 
surface  may  Ite  Icftliehind.  The  formation  of  this  membrane 
is  the  result  of  the  severe  inflammatory  process  set  up  by  the 
diphtheria  iHicilli.  The  serous  exudate  coagulates  and  entangles 
the  other  inflammatory  products.     Microscopicalfy  it  is  found 
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Uy  be  composed  of  a  network  of  line  fibrillie,  in  the  meshes  of 
which  are  va)  blood-corpuscles,  migrated  leukocytes,  des- 
quamated epithelial  cells,  and  massesof  niicru-oi^nisras.  The 
Hnderlj'ingniiifous  membrane  ist-ongested  and  infiltrated  with 
leukocytes;  its  epithelial  cells  are  undergoing  gnuuihir  de- 
generation or  coi^uhttion -necrosis  (Fig.  158), 


Edce  of  a  dlphtherillc  meTii  bni  ni-. 

narmaliitatlfleil  epithelium;  (vbi — ,  - 

brwne:  c,  epItbeUam  thKl  hM  uadL-rgiiDi. „. 

of  eelli  remain  In  the  coane  flbrinoua  muhwnrn.  'i.  ii^ 
Jlbroua  IlHue  cnntalnlng  (IbrlQ  and  leukopyU's ;  r.  Iiluud' 
P.  9.  group*  'if  tho  bacteria  causing  Iho  — — ' 

The  associatfil  lemong  are  the  result  of  the  nbsor]>tion  of 
toxins — the  biicilli  theraselves  do  not  giiin  entrance  to  the 
circulation.  Tlie  neighboring  lymphatic  glands  ore  UHually 
greatly  swollen  ;  the  kidneys  are  nearly  always  affected,  kb 
shown  clinically  by  the  albuminuria  which  ts  i)resent  In  the 
majority  of  cases — the  renal  epithelium  becomes  cloudy  and 
swollen,  and  minute  hemorrhages  are  sometimes  seen.  Not 
infrequently  there  are  necrotic  foci  in  the  liver,  ami  in  nearly 
all  cases  some  myocardial  d^encrntiim.  The  tliphtberittc 
paralyses  are  due  to  deceiierative  changes  in  the  nerve-centres 
and  peripheral  nerves. 


TOSSILUTIS. 

Id  toiulUitla  the  inflatninatioii  niav  be  superficial  and  in- 
volve orilv  till-  mucous  mcmbrunc  of  the  tnnsn  as  part  of  ii 
genenit  |i)iaryng:itii<.  In  other  cases — lacunar  or  fnllicu/ar 
toDsillitis^t  involveti,  in  addition,  llie  mucous  membrane 
lining;  the  crypts,  which  become  diateniled  with  intlummatory 
priKlucts  and  ])roject  alwve  the  surface  as  Rmall  yellow  epnts. 
The  esudutiona  at  the  mouth  of  adjacent  laninic  nisiy  coalesce. 


and  the  reuniting  yelhiw  |uitch  somewhat  resembles  di|ihther- 
itic  membnuie.  Ulceration  of  the  WTdlsitf  the  crypta  may  pro- 
duce quite  extensive  destruetiun  of  tonsillar  tissue.  In  "iher 
cases  tile  inflammatory  process  ends  in  the  formation  of  an 
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abscess — phl4!gmonouH  ioimllitis  or  quinxi/ — the  tonsil  becom' 
ing  so  lai^e  as  to  project  be^vmid  llie  me<iian  line.  The  iiviili 
ami  toiglottis  are  often  o?ilein!itoiis,  and  tlie  suhnmxilluiy  anc 

eurvieiil  lymiihatic  gl.in.is  ej.larged.  ~ 


I'Ki.    1 


CArontc  byperfroph/  may  follow  repeate<l  attacks  of  aout 
tODHillitis;  nsually,  however,  it  is  Bssiiciated  with  hypor 
trophy  of  the  lymphoid  tissue  of  the  naso-pharj-nx — "  aatm 
aids.  MicroKcopicnlly  there  h  noted  an  increase  id  the  ooQ 
neotive-tJesue  stroma  and  of  the  lymphoid  elements. 


THE  (ESOPHAGUS. 


THE  SALIVARY  aLANDS. 


Inflajnmation  of  the  salivary  glands 
of  vuriuii:^  aciite  iut'uctiuuu  ilistusi-s, 
<:\c. ;   Mr  rc:<iilt  from   a  special 
infeclinn,  when  it  is  known  ari 
mitmpH — the  purotiil  gland  being 
most  freiiuenlly  affected. 

Hnmps  rarely  terminates  in 
the  formation  of  an  absceiw  in 
the  affected  gland,  while  this  is 
the  characteristic  tendency  in 
the  9econ<lary  infections,  or 
metastatic  mumps. 

THE  (ESOPHAGUS. 

Inflammation  of  the  cesophagus 

maybe  duo  toiniicsti.in  of  sicids 
or  alkaiie.-,  fiH»l  or  drinic  too 
hot  or  too  cold,  the  lixlKmeiit 
of  foreign  bodies,  etc.  The  in- 
flammatory pnx^ss  may  end  in 
ulceration  and  eieatricial  stenosis 
(Figs.  169  amf  UjO). 

Cylindrical  dilatation  of  the 
»Eso|ihaiftis  results  from  long- 
conlinued  stenosis.  Sacetilate*! 
dilatations  result  either  from 
prerisuro  from  within  or  traction 
from  without,  as  bv  contracting 
adhesions  (Figs.  IGl  and  1G2). 

Bqn&moaa-celled  CRrcinoma  is     *"■""■''  *■'  '""i^!'^""  <"'""■■''  "" 
the  most  frequent  affection  of 

the  cpsophagiiH  (Fig,  163).  It  generally  occurs  in  the  lower 
third,  though  it  may  In?  found  in  any  [uirt,  and  gradually 
produces  a  «)niplot«  stenosis. 
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TEE  8TOMA0H. 
ALTERATIONS  IN  POSITION  AND  SIZE. 


I,  or  total  deaeeni  of  the  ttomack,  is  tlie  most  fre- 
quent displacement.  It  may  Iw  associated  witli  i<iimUar  dis- 
placements uf  tlie  other  abdominal  oi^ns — enteroptosia,  or 
Gl^nard's  disease. 

OaBtrectaaia,  or  dUaiation  of  the  Htomnch,  may  result  from 
pyloric  obstruction  produced  hy  the  cicatrix  of  a  heating 
ulcer,  carcinoma,  pressure  of  a  tumor,  etc. ;  or  may  oocttr  in 
consequence  of  simple  atony  of  tlie  muscular  walls  brought 
about  by  overfeeding,  inflammatory  or  degenerative  changes. 
The  resulting  stagnation  of  the  stomach-contents  leads  to  alv- 
nornml  fermentations  and  a  train  of  symptoms  due  to  auto- 
intoxication. When  due  to  pyloric  obstruction  the  dilatation 
may  l>e  enormous.  At  first  there  may  l)e  compensatory  hyper- 
trophy of  the  muscle-walls  of  tlie  8tomacli ;  but  later  tliey 
becouie  thin  and  atrophied,  and  the  uuicous  membrane  non- 
absorptive. 

8IMFLE  AOUTE  QASTBITIS. 

Simple  acute  gastritis  is  nn  exceedingly  common  condition. 
In  most  cawes  it  results  from  dietetic  errors — excessive  in- 
dulgence, ingestion  of  food  which  han  undci^ine  partial  de- 
composition, or  is  too  hot  or  too  cold.  It  may  nlso  be  pro- 
duced Ity  various  cJiemicnl  irritants,  <i9  arsenic,  the  iodides  and 
salicylates,  even  in  thera)>eutic  doses.  The  mucous  membrane 
is  found  to  l»  ctmgcstcd,  swollen,  coverc<i  with  a  film  of 
glairv  mucus,  espocinlly  in  the  pyloric  region,  and  punctated 
here  and  there  by  small  hemorrliagic  ))atches.  The  gastric 
secretion  is  reduced  in  quantity  ami  (]iiality,  a  fact  first  ob- 
servcil  by  Beaumont,  tbnnigh  a  gastric  fistula,  in  the  case  of 
the  Canadian,  Alexis  St.  Martin.  The  clinical  op{)ortunities 
for  noting  the  marked  change  in  the  quality  of  the  gastric 
juice — the  hyijochlorhydrio,  etc, — are  numerous,  through  the 
use  of  llie  stomach-tube. 

Min-mi-opii-ttl/)/  both  the  ]iarictid  and  the  ccntrjil  cells  of  the 
gastric  tubules  are  swollen  and  graunlar ;  the  lilotMlvessels  of 
the  iuterglandular  connective  tissue  are  distended  and  sur- 
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rounded  by  migrated  IcukimyteH.  At  a  later  fttage  the  leuko- 
fvlie  migration  Iwtiimes  more  marked,  eitlier  as  a  diffuse 
rotiiid-<;el led  intillnition  of  the  nuR'^jsa,  and  often  uIhi  of  the 
mibniuciiNH,  or  voiiDiK'd  to  mure  or  letu  t^harply  eireiinificnbcd 
patclieti.     The  lyniph-fullJulcs  are  often  hyperplastic. 

PURULENT  OASTEITia. 
PnTTaent  or  phlegmonous  gastritis  is  :i  rare  and  ahnost  in- 
variably fatal  attectiiui.  It  ncviirs  in  the  course  of  puerperal 
fever,  pyiemia,  snialljK>x  and  similar  infections ;  or  it  may  be 
a  primary  condition.  The  inflammatory  proce^  in  either  eir- 
cumticribcd  or  dittuKe.  In  the  former  case  there  is  generally 
but  one  aKvccHs — most  frequently  siiualeil  near  the  pylurn.s, 
and  varying  in  size  fnim  tliat  of  a  hazelnut  to  that  of  a  goose 
egg.  In  the  latter  ca^  there  is  a  difTuse  pnnilcnt  infiltration 
most  marked  towani  the  pylorus,  involving  first  the  sub- 
mucosa;  later  the  mucosa  liecomes  riddled  with  ]»erforation8, 
through  which  pus  wells  up.  The  muwle  and  Borttus  coats 
may  he  involved,  and  the  serous  surface  covered  with  a  puru- 
lent exudation. 

ACUTE  TOXIC  QASTRITIS. 

Acntfl  toxic  gastritis,  or  ga«l nils  vaieiiala,  ret'iilts  from  the 
ingestion  of  mich  )>(>isons  as  alcohol,  arsenic,  phosphorus, 
bichloride  of  mercurt',  organic  and  inorganic  acids,  and 
caustic  alkalies. 

The  leftion*  produced  varj-  with  the  kind  and  quantity  of 
the  |>o]son  taken  and  the  length  of  time  elnpi^ing  before  death  ; 
thev  are  a.'wociatcd  with  similar  elinnges  in  the  oesophagus, 
and,  Ik'Iow  the  stomach,  in  the  wnall  intestine,  even  to  the 
iicoeieeal  valve. 

The  inflammatorv  process  excited  by  tfUule  aeith  and  alka- 
lies may  resemble  that  in  simple  aeiite  gastritis.  AVhen  coii- 
rmlralal  ihey  pnnluce  Iwtil  tieiilli  of  the  tissues;  and  if  the 
patient  survives,  most  serious  deforndties  of  the  stomach 
may  result.  The  slough  involves  the  mucosa  and  often  also 
the  other  coats  of  the  >iiirii:i'!i.  iVi  iimnily  pn>dncing  a  perfo- 
rntiiin.  Adjacent  organs,  .-|ir.ially  ilic  liver  and  spleen,  are 
vftvn  corriMied  and  dis»durc<l  in  a  like 
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The  sloughs  pro(lu(»d  hy  sulphuric  and  hydvovhlorie  acidt 
are  dry  and  brittle,  and  ashy-gray  id  color,  or  black  am" 
charred  in  extreme  cases  ;  those  of  niliHc  add  are  yellow.  Th^j 
aiirronnding  tissue  is  the  8cat  of  an  intense  heniorrhagiv 
fliimmation.  The  sloughs  produced  by  the  ain»tie  alka 
nre  not  brittle  but  soft,  and  have  somewhat  the  apjteanince 
a  soft  nieiniirane.  Pho^phonm,  aisenie,  and  anliiiiont/  in  large 
doses  prodiKre  nitire  especially  a  fatty  and  mucoid  degeneration 
of  the  epithelial  cell:*  of  the  gastric  tubules,  resnltmg  in  an 
opaque,  yellowisli-white  appearance  of  the  raucous  membrane. 

OHBONIC  QASTBITIS. 

The  Hystematio  clinical  use  of  the  atomach-tube  for  the  pur- 
pose of  obtaining  the  gastric  secretions  for  study,  within  recent 
years,  has  thrown  niucli  light  upon  the  pathological  physiology 
of  digestion.  And  the  microgcopictil  rj-tniiinttfimi  of  p\eixs  of 
the  gastric  mucosa  found  in  the  washings  from  the  stoniad 
has  added  greatly  to  our  knowletlge  of  tlie  anatomical  lesioni 
associat<^d  with  the  well-delined  fundamGutal  tyi>os  of  chroni 
gastritis  recognized  clinically. 

The  character  of  the  txeUinif  cause  seems  to  i>ear  no  relatit 
to  the  resulting  lesion.     Evidences  of  chnmic  gastritii 
found  so  frequently  at  autopsy  that  a  terminal  gastritis  nil 
l>e  looke<l  upon  as  an  almost  constant  accompaniment  of  tht 
final  stages  of  all  chronic  diseases. 

More  or  leas  pmnounce*!  inflammatory  changes  are 
ciated  with  organic  lesions  of  the  stomach,  as  ulcer  and  cancer. 
They  arc  secondary  also  to  dilatation  and  atony  nf  the  muBcIi 
walls,  and  the  irritation  produced  by  the  resulting  stagnati 
i>f  the  stomach-contents  and  abnormal   fermentations  whiclt- 
take  place.     In  fact,  the  possible  causes  of  gastritis  are 
numerous  that  it  is  sur[)ri8ing  a  normal  stomach  should  be' 
found  after  middle  life. 

The  most  frequent  causes  of  chronic  gastritis  as  an  indi 
pendent  and  primary  affection  of  the  stomach  are  dietetin-^] 
not  only  improper  food,  but  improiter  methods  of  eating  itj 
bolting  the   fi)orl,  with   insufficient     masticiition,   and   lai 
draughts  of  liquid  which  are  often  nndnly  hot  or  cold; 
use  of  condiments,  etc. 
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GASTRITIS  GLASDULARiS  PROLIFERA 
Qastritis  Macipara. 

As  in  acute  giistritis,  tlie  cluiiigt's  iire  most  niiirkwl  in  the 
regiun  of  the  mloru*.  In  niwXy  stjiges  of  the  iiiHa minatory 
pniceas  there  is  a  diffuse  reihiess  of  the  miicoiia  membrane, 
which  later  becomes  a  mottled  pale  grav.  The  mueaia  is 
Bwullen  and  covered  by  a  tenui-ious  layer  of  tough  mucus. 
Here  and  there  are  small  cy«f«,  prodiiretl  by  occlusion  of  the 
gastric  tubule»<.  Oecasionally  it  is  studded  vntU  jtapillary 
projections  about  the  size  of  a  pea.  Aa  io  other  chronic  in- 
flammations, there  may  be  a  marked  increase  in  the  coniiec- 
lhe-ti«aite  stroma,  which  results  finally  in  atrophy  of  the  gland- 
ular tissue. 

It  is  only  on  microarnpie  examinulUm,  however,  that  the 
distinctive  features  of  this  variety  of  chronic  gastritis  can  be 
noted.  The  numlier  of  gastric  tubules  in  a  given  field  is 
much  less  than  normal.  Most  characteristic  is  the  mucoid 
depeneratiun  of  the  chief  and  Ijorder  cells  of  the  tubules, 
extending  to  the  fundus  of  the  gland.  In  addition  to  these 
parenchymatous  change:<,  there  is  a  more  or  less  pronounced 
cellular  infiltration  of  the  inte inland ular  connective  tissue. 
As  would  naturally  be  expected,  the  gaMric  secrdinnfi  are 
greatly  reduced  in  quantity  and  quality,  and  in  late  stages 
even  entirely  wanting. 

Gastritis  Olandularis  Prolifera. 

This  variety  of  chnmic  gastritis  stands  in  market!  contrast 
to  the  one  just  described.  The  dMnrlhe  fentitre  here  is  the 
proliferative  activity  of  the  chief  and  ])arictal  cells  lining  the 
gastric  tubules,  the  {>arietal  or  acid -producing  cells  especially 
being  greatly  increased  in  size  and  numlier  and  lying  in  close 
juxtaposition.  These  oxyntic  or  parietal  cells  may  also  be 
found  in  the  tubules  of  the  pyloric  region,  where  they  are  not 
normally  present.  In  some  coses  there  seems  tii  be  a  pro- 
liferatit>n  of  the  glandular  tubules,  the  entire  gland  becoming 
elongated  and  tortuous.  There  may  be  associatwl  with  these 
parenchymatous  changes  more  or  less  cellular  infiltration  of 
the  intcrglandular  connective  tissue. 

The  cylindrical   surface-epithelium   is  often  desquaniated 
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over  quite  extensive  areas,  and  ulcer  is  not  an  infrequent  com-  I 
plication.  | 

As  might  be  expected,  tlie  secretory  adivify  of  the  gastric  I 
tubules  is  greatly  increased.     Not  only  is  the  quantity  of  the  ! 
gastric  juice  augmented,  but  it  is  much  richer  ia  pepsin  and 
hydrochloric  acid.  ' 

Gastritis  Glandularis  Atrophica. 

OastriUs  glandularis  atrophica  may  occur  as  a  terminal 
stage  of  other  varieties  of  chronic  gastritis,  as  a  senile  change, 
or  complicating  various  chronic  digeases,  and  rarely  as  a  ' 
primary  affection.  It  is  characterized  by  a  degeneration  of 
both  the  cylindrical  cells  of  the  surface  of  the  mucous  mem- 
brane and  vestibular  alveoli,  and  the  cells  lining  the  gastric 
tubules.  The  former  Undergo  a  mucoid,  and  the  latter  a 
granular  and  fatty  degeneration .  In  the  tubules  it  becomes 
impossible,  by  reason  of  their  loss  of  staining  properties  and 
indistinctness  of  outline,  to  distinguish  between  the  chief  and 
parietal  cells.  ' 

MacroKopicaUy  the  muaius  membrane  presents  a  smooth, 
thin,  white  surface.     In  addition  to  the  glandular  elemental, 
the  submucosa  and  muscular  coats  may  be  involved  by  the 
atrophic   changes,  a  thin  layer  of  fibrous  tissue  taking  the 
place  of  the  latter.     In  other  cases  a  similar  destruction  of  J 
glandular  tissue  is  the  result  of  a  proliferation  of  the  inter-  1 
glandular  connective  tissue.     Instead  of  a  thinning  of  the  1 
stomach-wall,  it  may  he  greatly  thickened  by  an  overgrowth 
of  connective  tissue  beneath  the  mucosa — often  resulting  in 
great  reducdon  of  the  size  of  the  organ,  even  to  a  capacity   ' 
of  a  few  ounces. 

The  natural  result  of  these  lesions  is  a  total  abolition  of  the 
secretory  functions  of  the  stomach.     In  spite  of  this,  however, 
the  patient  may  remain  well  nourished  and  free  from  other  ill  1 
consequences  as  long  as  intestinal  digestion  is  normal.     The  j 
evil  results  produced  are  often  alone  due  to  a  failure  of  such  | 
compensation  on  the  part  of  the  small  intestine. 

A  purely  interstitial  inflammation  of  tJio  stomnrli  indepen-  ; 
dent  of  lesions  of  the  parenchyma  is  described  by  Hayem  j  but  j 
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clini«illy    has 
recognized. 


distinctive   fciilure   by    wliich   it   can   be 


ULOEB. 


XTlcei  of  the  stomach  may  occur  in  the  course  of  acute  and 
chronic  gastritis;  or  inilc[)cn(lciitly ;  not  infrecjiientty  it  is  found 
post-mortem  when  no  Hymptuum  had  existed  during  life  to 
inilicate  Its  presence.  It  in  stated  that  in  5  per  cent,  of 
deaths  from  all  causes  either  an  open  ulcer  or  a  resulting 
cicatrix  can  be  found. 

It  is  rare  before  the  age  of  ten  years,  though  it  has  been 
met  with  in  infants  at  birth ;  it  is  much  more  fmjucnt  iu  ihe 
female  than  male. 

Circulatory  disturbances — arteriosclerosis,  thrombosis,  and 
embolism — are  undoubtedly  importantetiological&ctora,  asare 
likewise  general  aniemiaand  malnutrition.  The  frequent  assu- 
ciattoD  clinically  of  liydrochloric-acid  superacidity — in  80  or 
90  per  cent,  of  cases — is  suggestive  of  autodigcstion,  and  it  is 
maintained  by  many  that  without  this  excessive  acidity  of  the 
gastric  secretions  ulcer  does  not  occur.  At  least  it  must  be 
admitted  that  it  could  make  the  production  of  ulcer  easier 
when  factors  interfering  with  the  nutrition  of  the  stomach- 
wall,  at  a  given  point,  are  present;  and  also  might  subse- 
Xiently  seriously  interfere  with  the  healing  of  such  a  lesion. 
t  first  it  was  asserted  by  Rigel  that  this  superacidity  was 
constantly  present  in  ulcer.  The  small  percentage  of  cases  in 
wliich  it  is  not,  might  be  accounted  for  by  an  associated  gastritis 
that  has  gone  on  to  glandular  atrophy.  On  Ihe  other  hand, 
it  is  intelligible  that  the  superacidity  may  be  excited  by  the 
ulcer — in  a  manner  possibly  analogous  to  the  hypersecretion 
of  tears  produced  by  a  corneal  ulcer. 

Trauma  alone  cannot  produce  gastric  ulcer ;  other  factors 
are  necessarj-.  It  is  generally  conced«l  that  gastric  ulcer 
artificially  produced  in  lower  animals  heals  promptly;  and  in 
man  pieces  of  the  mucous  membrane  have  been  torn  away  by 
suction  of  the  stomach-tube,  the  lesion  healing  without  the 
formation  of  an  ulcer.  But  if  a  high  degree  of  ana:m!a  is 
first  produced  in  dogs  by  the  gradnul  withdrawal  of  blood, 
ulcers  can  be  proiliiced  by  various  irritants,  which  heal  very 
slowly ;  and  so,  clinically,  ulcer  is  especially  fretjiicnt  iu  chloi 
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otic  young  girls,  in  whom,  in  addition  to  tlie  aniemia,  a  hyper- 
chlorhydria  is  often  present. 

There  is  generally  but  one  nicer,  though   there   may 
several,  often  developing  successively. 


Oastric  nlcers — macroscopic  description:    The  lesion  ncriirs 
most  ft'etiutntly  along  the  lesser  curvature  and  on  the  jHislerior 


ULCER  OF  TUK  STOMACH. 

wall  npar  the  pylorus  (Fig.  164).  In  nUf  it  varies  from  cine- 
ijunrteriif  uii  inch  to  four  or  five  inches  in  diameter;  generally, 
however,  from  a  half  to  two  inehea.  In  shape  it  is  usually 
rounilcd  or  oval,  and  has  a  characteristic  piincheil-out  apiiear- 
ance,  especially  if  the  mucous  nienibratic  ahmc  is  involved. 
If  it  is  deeper,  the  excavaliou  may  be  somewhat  fiinneUshajHtd 
by  reason  of  ita  sloping  edges. 


An  ulcer  of  the  itomarh, ''luiwinv  nt  lix  Uivi'  it>c  r>]ii'n  iiriAc*  of  >  vend:  dCkth 


If  all  the  coats  of  the  stomach-wall  are  involvwl,  as  often' 
happens,  inflammatory  adhesions  may  bind  it  tn  nn  adjac<'nt 
organ,  as  the  liver  or  jtancreas,  which  thus  comes  to  fonn  the 
HiNjr  of  the  ulcer. 

UicroBcopicaUy,  there  is  noted  somcroui)d-celle<l  infiltration 
in  the  immediate  neighhorhootl  of  the  ulcer.  The  walls  of 
the  adjacent  bloodvcascls  arc  greatly  thickcne^l  by  an  obliter- 
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ating  endarteritis — a  state  of  affairs  wliicli  jipottcts  largely 
against  liemnrrhiige. 

The  dangers  in  gastric  nicer,  wLlcb  are  always  imraiueut, 

are  [K'rlbration  and  heniori-liage. 


Hoarglui  contrKctlon 


Harvard  Uedlcal  School), 


Perforation  (Fig,  165)  and  the  escape  of  the  stomach- 
contents  into  the  peritoneal  cavity  canse  <Ieath  immediately 
from  shocic  ;  or  in  a  few  days  from  a  general  peritonitis.  This 
accident  occurs  most  frequently  when  the  ulcer  is  situated  on 
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the  anterior  wall  of  the  stomacli.  It  may  bIhd  take  place  into 
the  liver,  spleen,  or  panon>its,  with  resulting  abscess-forma- 
tions; or  into  the  pletira,  pericardium,  ur  Itings. 

Hemorrhage,  when  a  large  vessel  is  erocleo,  may  prove 
rapidly  fatal  (Fig.  166). 

Cicatrization  and  consequent  contractions  of  portions  of 
the  stomach-wall  may  cause  conBiderahle  deformity — hour- 
glass  contraction,  or  pyloric  or  cai-diac  stenosis  (Fig.  167). 


Cardnomft  is  the  nio^t  common  and  mo^t  important  tumor 
of  the  stomach.     It  is  almost  invariably  a  primary  affection. 


and  hypertropby  of 


Secondary  cancer  is  rare,  though  it  may  result  by  extension 
from  adjacent  organs ;  and  in  a  few  instances  there  seems  to 
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bave  been  a  direct  im plantation  of  cancer-cells  upitn  tlie  gastric 
mucosa  from  a  primary  lesion  above — oesophageal,  lingual,  or 
facial. 

It  rarely  occurs  before  thirty  years  of  age,  though  in  a  few 
instances  it  has  been  noted  in  infants.  From  theage  of  fifteen 
years  on,  it  rapidly  increases  in  frequency,  three-fourths  of  all 
cases  occurring  between  the  ages  of  forty  and  seventy  years 


In  women,  cancer  all'ects  primarily  (he  stomach  in  20  to 
30  per  cent,  of  cases  ;  and  in  men  in  40  to  50  pr  cent.  In 
about  one-half  the  cast-s  the  neoplasm  is  situated  nt  the  pylo- 
rus, the  posterior  wall  and  lesser  curvature  coming  next  in. 
frequency. 

The  poaiion  and  shape  of  the  i 


aturc  coming  next  in.» 
'jch  arc  ofl«D  altere^^l 

J 


TUMORS  OF  THE  STOMACH.  377 

When  there  is  pyloric  olistriictioii  its  capacity  may  be  greatly 
increased  (Fig.  168);  or  mticli  dimiuiished  if  nniioh  a  con- 
dition exists  at  the  cardia,  or  if  there  ix  a  diHuse  carcinoma- 
tons  infiltraiion  of  the  walls  of  the  organ  (Fig.  169).  If 
the  pylorus  ia  not  sup|K)rted  by  adhesions,  it  may  sink  to  the 
pelvis. 

Ifetastues  occur  In  one-half  the  cases;  the  liver  is  in- 
volved in  over  one-third  of  them.  The  neighlwring  lym- 
phatic glands,  especially  those  behind  the  lesser  curvature  of 
the  stomach,  become  converted  int*>  large  cancerous  uo<Iulcs, 
and  the  peritoneum  is  often  involved  by  direct  extension  of 
the  tumor-fonuation, 

Hintological/if  several  vaxietieB  of  the  neoplasm  are  reeog- 
nize<l : 

SciirhiiB  is  the  most  common,  constituting  about  75  per  cent 
of  the  cases.  There  mav  be  a  ring-like  contraction  at  tlie 
pylorus,  or  a  dilfnso  infiltration  of  the  walls  of  the  stomach 
without  any  nodular  prominences,  which  condition  might  be 
confounded  with  a  hyperplastic  interstitial  gastritis.  Occa- 
sionally small,  flat  nodules  occur  on  the  serous  surface  over 
the  region  of  the  tumor.  If  the  mucous  membrane  ulcerates, 
which  is  rare,  it  is  only  superficial.  Scirrhus  is  almost  in- 
variably situated  at  the  pylorus. 

Encephaloid  grows  vcrv  rapidly,  and  forms  large,  soft,  gray- 
ish-white, irregular,  papdlomatous  masses,  which  project  into 
the  cavity  of  the  stomach.  It  ia  so  prone  to  undergo  necrosis 
that  it  generally  presents  at  the  autopsy  as  a  bowl-shaped, 
ulcerating  depression,  with  irregular,  ragged  walls  of  varying 
height  and  thickness,  formed  by  the  surrounding  tumor-mass. 
Perforation  may  result  from  extensive  ulceration. 

Adeno-carcinoma  in  general  appearance  resembles  encepha- 
loid,  and  tends  to  undei^o  extensive  ulceration  in  a  similar 
manner. 

Sqnamons- celled  cancer  alfects  the  region  of  the  cardia,  tak- 
ing its  origin  from  the  flat  cells  of  the  (Bsophngus. 

Colloid  carcioomatA  have  a  transparent  jelly-like  appear- 
ance, due  to  the  degenerative  change  they  have  undergone. 
This  degeneration  may  affect  any  form  of  cancer,  but  more 
especially  adeno-careinoma. 
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THE  INTESTIHES. 

Conf^enital  Defomuties  and  Displacements. 

Absence  uf  tlie  whole,  or  lurge  part:>,  of  the  iiitcMtinul  tract 
is  sometimes  met  wltti  in  monstrosities.  Lesser  developmental 
defects  are  not  imcommoD.  The  anus  may  be  wanting — 
imper/orate  anus — and  likewise  the  rectum  aud  lower  part  of 
the  colon.     Meckel's  divertmdum  (Fig.  170)  is  a  remnant  of 


Fio.  170. 
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the  omplialo-meaenterie  duct  of  fwtal  life.  It  is  a  cylindrical 
appendi^^,  of  the  same  stnicturc  as  the  small  intestine,  and 
arises  from  the  latter,  opposite  the  mesenteric  attachment 
about  a  meter  above  the  ileo-cjecal  valve.  Such  diverticula 
sometimes  the  cause  of  intestinal  obstruction  (Fig.  171). 
The  CKCum  and  ascending  colon  are  sometimes  situated  on 
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the  left  side,  and  the  descending  colon  and  sigmoid  flexure  on 
the  right.  Thi'  transverse  colon  may  Iw  entirely  absent,  the 
ascending  and  descending  colon  lying  side  by  side- 


Acquired  Deformities  and  Displacements. 

HenUs  is  a  terra  by  wliich  is  generally  nnderstnod  a  pro- 
trusion of  the  intestine  thr(»ngh  a  natural  but  abnormally 
diluted  opening  in  the  alxlominal  wall.  It  pushes  in  front  of 
itself  the  pritoneum,  which  thus  forms  the  me  of  the  hernia. 

Sfraiiffu/ntitm  is  the  most  serious  result  of  hernia,  and  occurs 
when  the  gut  is  so  constrict^nl  or  compressed  that  it  is  no  longer 


"here  is  either  a  twist  of  tlie  bo| 

fieijiieiitly,  a  loop  iif  intestine  i; 
attachment.     Tlie  sigmoid  tiexuil 
of  its  occiirreiipe. 


Intussusception,  or  iDvagiDatioil 
dren  than  in  adults,  oticurriiig  u 
One  part  of  the  intestine  slips  ovei 
iiivaginaticin,  which  is  ne^irly  alw 
a  few  inches  to  several  feet  {Fig.  1* 


lower  part  of  the 
the  ileo-ciEcal  vulvt 
a  fatal  peritonitis  a 
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excredingly  frequent  affwtion,  the  most  prominent  cliDical 
feature  of  which  is  tUarr/icea.  The  watery  consistency  of  the 
sIuiiIm  is  due,  not  so  much  to  the  inflammatory  serous  exuda- 
tion, as  to  the  increa^  peri.stalsis,  which  permits  of  less  time 
fur  the  ahstraetion  of  the  fluid  constituents  of  the  intestinal 
contents. 

The  inflammatory  process  is  caused  by  improper  food,  espe- 
cially that  in  which  poisonous  alkaloids  have  been  formed 
during  putrefactive  chants;  also  hy  inorganic  poisons,  like 
arsenic  and  antimony ;  aud  it  may  occur  secondarily  in  the 
course  of  various  infcctioua diseases. 

Lesions:  The  mucous  membrane  is  red  and  swollen,  often 
covered  with  mucus;  and  here  and  there  may  l>e small  hemor- 
rhagic st>ots.  The  sulitary  aud  agminate<]  lymphatic  follicles 
are  swollen,  and  appear  as  small,  dull  gray  prominences  upon 
the  mucous  surface ;  small  pitted,  so-calleu  follicular  ulcers 
result  if  these  lymphatic  glands  undergo  necrosis.  In  severe 
cases  the  mesenteric  glands  are  enlarged.  When  the  inflam- 
matory process  becomes  clironU;  the  muscularis  is  in- 
volved, as  in  gastritis,  and  often  mtieh  hypertrophied.  Some- 
times polypoia  elevations  are  produced  by  proliferation  of 
glandular  elements.  In  the  later  stages  there  may  beatrfjphy 
of  the  mucous  membrane  alone,  or  involving,  in  addition,  the 
muscularis. 

A  duodeattis  may  be  associate<l  with  an  inflammation  of  the 
stomach.  It  is  exceedingly  liable  to  produce  an  obstruction 
of  the  common  bile-duct  by  inflammatory  swelling  of  tlie 
mucosa  and  accumulation  of  mncus,  thns  giving  rise  to  reten- 
tion of  bile  and  an  obstructive  or  catarrhal  jaundice- 
Acute  colitis  is,  in  the  great  majority  of  instances,  associated 
with  the  condition  recogniKod  clinically  as  */viwh(«-_(/.  Sporadic 
cases  result  from  ingestion  of  tainted  food,  from  mcreury  and 
other  itoisons.  The  infectious  nature  of  the  epidemic  form 
naturally  suggests  ib^elf.  The  aiarrfm  cull,  a.  nnicvllular  amoe- 
boid body,  measuring  twenty  to  fiftv  mierons  in  diameter,  is 
found  not  only  in  the  stiKils,  but  al.-oi  in  the  inle.itinal  wall 
adjacent  to  the  dysenteric  ideers,  and  in  the  |iiis  in  hepatic 
abwosses   secondary   to  dysentery.     Typical   dysentery  has 
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been  prodiice<l  in  lower  animals  by  the  injeftioii  of  dysenterio 
Etools  into  their  intestines. 

The  severity  of  the  It-Khns  noted  varies  greatly.     In  mild 
cases  the  mucous  nienibrane  is  swollen  and  hyiwricmic,  and 


Appbudii  cuutainlDg  billocj 


covered   with   tenacious   mucus.     The   solitary   follicles  i 
enlarged,  and  petechial  hemorrhages  are  often   seen. 
later  stage  and  in  more  severe  cases  these  follicles 
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necrosis  ;  the  resulting  ulcers  may  be  eiiperficial,  or  deep  and 
ragged  in  outline,  spreading  rapidly,  so  ttiat  there  is  but  little 
of  the   miicoiB   inetnhnuic    unaffected.     In  many  cases  the 

\ 

^P      nin(*on!!  nffl 

natWOllKiiI  r-iicriiiH'iiU:  ciui' uf  perfursllv 
MilttW  UMal  conoremcnt  tMiucum.  L'viivg 

^^^^^Hfti|nd  with  a  grayish 

or  brownish 

^^^^^HHUjj^wipo 

&s  freciucntly 

H            a  iUlid 

js  dysentery. 
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Chronic  inflnmniatiun  may  siicrewl  the  acute.  In  some  cases 
ihf  ititiuninintory  pnicesa  is  limited  to  the  rectum — proctitis. 
Appendicitis — inflanimatiun  of  the  vermiform  appendix — is 
now  recognized  as  the  cause  of  the  set  of  symptoms  which 
were  at  one  time  attributed  to  inflammation  of  the  ciecum — 
typhlilin.  On  laying  o])en  the  ap]«.'ndi)(,  fuecal  coneretiona 
are  sometioies  found,  to  which  an  etiological  siguilicancc  has 
been  attributed  (Figs,  173  and  174);  but  they  are  quite  as 


D  Bnd  Ai'pcncllx.  canicKliiiun  ■plwliillcl 

tMMitcrlnlum :  .1.  aiiwHilIx,  altualvd  bi-htud  >D<1  Id 
citcuiu  :  t,  iiliM.-ai;ii]  Jiini^tlon  ilUrtlcyl, 

likely  the  result  as  the  cau»i'  of  the  condition,  and  formed  by 
acciim Illations  of  mucus,  desquamated  epithelial  cells  and 
other  inflammatory  products.  Undoubtedly  the  commo"  co^on 
baeilhu,  which  is  normally  present,  plays  an  important  jiart, 
mnltiplying  rapidly  and  gaining  new  vinilence  m  the  favor- 
able nidus  pr(j(lntK^I  by  the  inflammotnry  process.  The  entire 
wall  of  the  appendix  may  be  involved,  or  the  lining  mucous 
membrane   alone.     Necrosis  and   ulceration   may    result   in 


Dpecinc  innami 

Asiatic  cholera  is  ;m  aci 
l)V  nn  intense  inllannnatioi 
tVoni,  the   small    and   large 
cholene,  first  described  by 
features  of  the  disease  are  rt 
constitutional  disturbances  1 
the   general   circulation  of 
organisms  there  localized, 
larly  in  the  lower  part  of  the 
frequently  the  seat  of  eccliymc 
lymphatic  follicles  are  often  . 
mesenteric  glands.     The  bowt 
and  filled,  often  with  large  qu 
I  lU  tion  containing  small  white  fl; 

generated  epithelial  cells,  simil 
,B  water'*  dejections. 

Later  in  the  disease,  in  some 
brane  may  be  ulcerated  or  cov 
the  colon  presenting  an  appean 
tery — possibly  the  result  of  sec( 
the  intestinal  tract  one  of  the 
disease  is  the  pronounced  tluc\< 
enormous  serous  transudations. 

The  heart,  liver,  spleen,  and 
parenchymatous  degenerations  c 
as  well,  however,  and  in  no  wa; 

Typhoid  fever  is  nn  »-- 
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Peyer'apidcltra  liecimie  infiltrated,  intetiHcly  congpstetl,  swnllcn, 
and   pnject   into  tlie  hinien  of  tlii!   intestine.     Tlie   larf^i-l, 
iHitehes   may  be  as   muvli   as   a  (quarter  of  an  inoli  tliiek. 
The  Bolitary  follicles  vary  in 
size  from  that  of  a  itin  iKjint  Fw.  177. 

to  that  of  a  pea  (Fig.  177). 
By  tlie  end  of  the  first  week 
the  number  of  patches  and 
follieics  involved  is  about  oa 
large  as  it  will  probably  In- 
come, and  the  xtmje  lif  in- 
JlaiimuUory  iiifiUrulion  iind 
hyperpliMia  liari  reached  its 
height.  These  changes  may 
atTwt  only  a.  few  patches  and 
follicles  in  the  neighborhood 
of  the  ctecuni  or  involve  the 
entire  intestinal  tract. 

Generally  the  swollen  solitary  follicles  are  not  so  numerous 
as  the  swollen  Pejer's  jMitches,  though  in  some  cases  they  are 
more  prominent,  the  mtclies  being  but  little  affcctcil.  CiLses 
of  undonhte<|  typbniii  have  been  reported  in  which  all  intesti- 
nal lesions  were  absent, 

Reaolution  now  slowly  takes  jtlacc  through  the  absorption 
of  the  inflammatory  products  ;  or  a  greater  or  less  number  of 
patches,  according  to  the  severity 
of  the  case,  undergo  necrmig  as  the 
result  of  interference  with  the  blood- 
snpply  by  the  pressure  of  the  sur- 
rounding excessive  infiltration.  The 
patches  liecome  less  congeste<l,  gray- 
ish in  color,  wiih  possibly  a  yel- 
lowish or  brownish  necrotic  centre. 
W'hen  the  slouffh  separates  there  is 
left  lichind  ii  lai^e  raggc^l  nicer, 
which  generally  involves  only  the 
mucous  membrane,  but  may  estend 
even  through  the  muscniuris  and 
rarely  through  the  serosa,  thus  priKlucIng  fierfwiiflon, 
Hauorrhage  may  also  occur  with  the  se[>aratiou  of  the  slough. 
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lower  part  of  the  ileum, 
coalesce,  und   thus   invol 
membrane.     The  solitary  t 
manner,  resulting  in  the  : 
the  end  of  the  third  week  i 
complete,  and  during  the  fo 
resfl,  finally  leaving  l)chind 
which  often  can  be  recognii 
atic  elements  are  not  rejitace 

MicroscopicaUy  the  swellin 
found  to  be  due  mainly  to 
lymphoid  cells;  a  few  lat) 
present. 

Coincident  with  these  int 
meaenterii!  gfamh,  in  relatic 
become  swollen  from  asimihi 
to  an  extent  in  proportion  t 
lesion. 

Enlargement  of  the  spleen  h 
produce<l  by  its  congestion  a 
elements;  large  epithelioid  c 
intestinal  lesions  and  mcseni 
phagocytic,  frequently  bavins 
of  red  corn"""'"" 
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blood.  Ill  the  nliseiiccof  n  leukooytnsi!*,  thplilixnl  uf  typhoid 
presents  a  marked  clinical  contrast  to  the  blood  in  other  acut« 
mfectiouii  diseases. 


rardiiim    is   not    iincnimiKU 

A   jK'ciiliar  u-<i.rii  or  /////(/ 
iilso  ill  other  inlcctioiis  dise"; 
the  fibres  being  converted  i, 
ing  mass  resembling  amyloi 
characteristic  reaction  with 
affecting  most  frequently  tl 
of  thighs,  the  pectorals,  th« 
myocardium. 

Bronchitis,  lobar  and  lobu 
plications ;  gangrene  of  the  . 
there  is  an  inflammation  of  tl 
terminate  in  abscess-formatioi 
ally  the  result  of  perforation, 
point  in  a  deep  ulcer  which  ii 
the  serosa ;  or  it  may  be  due 
the  mesenteric  glands. 

An  obliterating  endarteritis 
convalescence,  leading  to  thror 
supplied.  Thrombosis  may  ali 
the  femoral,  rarely  in  the  cerel 

An  orchitis  occurring  durinj 
terminating  in  suppuration,  ha 

Tuberculosis,  though  scarce!; 
or  stomach,  very  frequently  affe 
is  one  of  the  most  common  pal 
intestine.    While  not  nec'p««^"'' 
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88  a  grayish  nodule;  soon  it  be<M>mes  yellowish  from  rapidly 
advaiidng  caseation,  and  finally  breaks  down  cunipletcly. 

The  reeiiUing  ulcer  generally  involves  the  muscularis;  iU 
flixtr  ia  rough  and  nodular,  from  the  presence  of  small  tuber- 
cles, which  can  be  seen  beneath  the  serosa  externolly  (Fig. 
IH'Z).     The   ulcers  at  first    resemble    somewhat    those  of 
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ne  (K  nil  (in  an  III.    Thfravlty  otibeulccr  wulbnned 
i  removal  of  tbe  cheeky  mMUT  Tunntd  In  the  earlier 

...    .  of  the  ulcer  In  fonneil  by  nwrosHl  Bud  chitay  in«- 

beneatti  which  clstil  or  dIdc  dliilnct  tuberclea  nrv  dlstlngulihtble,  those 
c  centre  eilcndlng  Into  the  muiruUr  coal  of  tbc  liil«itlDC,  The  infeclloii 
ilio  extended  IdIo  the  IfmphaUca  beaealb  the  seroui  c»«t.  where  Ibre* 


typhoid  fever;  but  soon,  as  the  result  of  breaking  down  of 
other  newly-forming  tubereles  at  their  margins,  the  ulceration 
e.^tends  beyond  the  limits  of  the  lymphoid  tissue,  no  longer 
conforming  to  the  size  and  shape  of  these  structures.  Fresh 
tiitwreles  being  formed  in  this  way  along  the  lino  of  the  lym- 
phatic vessels,  which  run  toward  the  mesentery,  the  long  axis 
of  tbe  ulcer  Iwcomes  transverse,  a  complete  ring  of  mucous 
membrane  being  destroyed,  in  some  eases,  in  this  manner — 
nnniiftir  ulcer.  The  border  of  the  ulcer,  like  its  base,  is  infil- 
trated here  and  there  with  small  tnbereular  no<hiles.  On  the 
external  serous  surface  radiating  lines  are  noted,  extending 
from  the  base  of  the  ulcer  around  the  intestine  toward  the 
mesentery,  marking  the  tul>ercular  infiltration  of  the  subserous 
lymnhatics.  Perforation  is  rare,  owing  to  this  infiltration  and 
thicKening  of  the  tissues.  The  corresponding  mesenlerio 
glands  ai-e  generally  affecte<I.  If  the  ulcer  heals,  which  is 
infret|uent,  a  puckered  scar  and  possibly  cicatricial  deformities 
remain. 

MicrmcopicnUy,  the  characteristic  feature  is  the  presence  of 
small  tulwrcles  in  tlie  floor  and  walls  of  the  ulcer. 

Syphilitic   ulceration  of  the  solitary  follicles   and    Peyer's 
patches  of  the  small  intestine  sometimes  occurs  in   infants. 
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rectum,  ihe  cfeoum,  and  flexures  uf  the  colon.  It  usually  pre- 
seaU  as  a  solitan',  suft,  often  ulcerating,  fungouD  mass,  which 
projects  into  the  lumen  of  the  intestine  (Fig.  183). 

M'wroncopically,  the  adeuo-oarcinoma  or  cylindrical  I y-cel  led 
cancer  is  tlic  variety  most  ffL'tjiiently  ndted. 

OonoectiTe-tiBsae  tnmoTs  are  nut  often  found  in  the  intestinal 
tract. 

THE  UVER. 
PASSIVE  TTVPTiRJ!MTA 

FuslTe  liTpertBmia  is  pro<Iiice(i  by  «>me  obstruction  to  the 
circulation  tlinuifrlt  the  bepatii"  vein,  as  by  a  lai^  pleuritic 
eiTusion ;  iutmtlioraeic  tumors,  cirrhosis  of  the  lungs;  and 
especially  valvular  disease  of  the  heart.  At  first  the  liver  is 
often  considerably  enlarged  ;  on  section,  it  has  a  peculiar 
mottled  or  nufrnt-g  appearance,  the  darker  congested  areas 
around  the  central  hefuttic  vein  of  the  lobule  eontmstiug 
markedly  with  the  lighter  periphery,  which  may  be  yelliiwiah 
or  yellowish-white  from  advancing  fatty  degeneration.  At  a 
later  stage  the  liver  is  decrease*!  in  size,  from  atrojihy  of  the 
pa  reuehy  ma-col  Is  produced  by  the  excessive  pressure  nf  the 
oIoihI  ;  and  there  may  be  very  considerable  byjicrplasia  of  the 
connective  tissue,  giving  the  organ  a  slightly  roughened  or 
uneven  surface. 

MiiTOseopically,  the  central  hepatic  vein  and  surrounding 
capillaries  are  greatly  dilated  and  engorged  wiih  blotul.  In 
the  centre  of  the  lobule  the  rows  of  liver-cells  between  the 
dilated  capillaries  are  entirely  atrophied.  In  the  jwriplieml 
zone  of  the  lobule  there  is  often  an  ndvanceil  fatty  d^enera- 
tion. 

ACUTE  YELLOW  ATK0PH7. 

Acuta  yellow  strophy  of  the  liver  occurs  as  an  independent 
spoeific  disease;  or  secondarily  to  phosphorus-poisoning, 
tvphoi'l  fever,  puerperal  septicemia,  and  other  Infectious 
diseases.  As  an  inde|«'ndent  affwtion,  however,  it  is  ex- 
ceedingly rare. 

Anaiiimiculli/,  the  clinracterintic  ftature  of  the  disease  Is  the 
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llii,uTtv<l|,alolK..s— ^.M 
a  niottktl  apprurance,  e 
wrinkled  to  siifli  an  ex 
fingers. 

MicroseopicaUy,  tlie  o 
guishable.     The  liver-eel 
tion  or  necix>siM ;  in  the 
preserved,  but  tlieir  proton 
and  granules  of  jellow  pi^ 
replaced  by  a  detritus  of  j 
lections  of  fatglobnles,  onl 
of  tlie  liver  remaining.     In 
wanting,  the  tiswue  being  col 
tf^nous  pigments. 

INTLA 
Acute  poTtdent  Inflammat 
in  the  formation  of  one  or 
pns.  The  nvenues  open  tc 
rioHS  miero-or^nisms  arc 
portal  vein,  bile-dnct,  and  tli 
or  infection  may  extend  froi 
lymphatics.  The  bncillus  ■ 
streptocneci  are  the  oi^nism 
foutui  associated  with  tl>-- 
liver;  in  "" 
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heati;  an  pntire  lobe  or  t'Veii  tlio  whole  organ  may  be  iii- 
volvwl.  It  may  rupture  into  tlic  pleural  or  pent'jneal  «ivi- 
ties,  into  the  stomach,  int^.-stinf,  or  externally  through  the 


ahtlominal  wall.  As  to  the  mrxlo  of  their  rormatimi,  bnt  little 
is  known  ;  nntlonbt«lly  thi-y  often  rcBiiIt  fnun  the  confluence 
of  nmaller  iihtux's.'^'S. 

The  irafU  of  the  ubactM  are  raggwl — eh  reels  of  neerolic  liver- 
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tissue  projecting  into  the  cavity ;  there  is  no  trace  of  a  mem- 
brane. The  contents  of  the  cavity  have  an  offensive^  sickly 
odor ;  are  thick  and  creamy  like  pus,  or  thin  and  reddish- 
l)ro\vn  from  the  admixture  of  extravasated  bl(H>d. 

Microseopically,  this  fluid  is  found  to  contain  pus-cells^  frag^ 
ments  of  degenerated  liver-cells,  shreds  of  connective  tissue, 
and  red  blood-corpuscles.  The  abscess-wall  shows  but  little, 
if  any,  inflammatory  infiltration. 

Small  metastatic  abscesses,  varying  in  size  from  a  pin-head 
to  that  of  a  walnut,  are  sometimes  present  to  the  number  of 
forty  or  fifty,  scattereil  throughout  the  liver.  They  occur  in 
the  course  of  pyajmia  and  septic  inflammations  of  parts  tribu- 
tary to  the  portal  vein. 

Microscopically :  In  the  early  stage  of  their  formation  there 
is  noted  an  area  of  necrosis,  the  centre  of  which  may  have 
become  simply  a  granular  detritus  arising  from  the  disinte- 
gration of  tlie  liver-cells.  Surrounding  the  necrotic  area  is  a 
zone  of  more  or  less  marked  infiammatory  infiltration. 

Chronic  interstitial  inflammation  or  cirrhosis  of  the  liver  is 
also  known  as  "gin-drinkers'"  liver,  for  at  least  two-thinls 
of  the  cases  are  due  to  chronic  alcoholism.     Certain  acut^*  in- 
fectious diseases,    chiefly  eholeni,  typhoid,  and    intermittent 
fever,  are  supposed  by  some  to  be  important  etiologiciil   fac- 
tors.    Among  chronie  infectious  diseases,  syphilis  is  an    un- 
doubted cause  of  cirrhosis.     Gout  and  rheumatism  seem  to  Ik* 
responsible  for  some  cases.     Krjwr'nncntdlh/^ iha  condition  has 
been  produced   in  lower  animals  by  chronic  poisoning  with 
phospliorus    and    cantharides.      Though    in    most    instances 
hematogenous  in  its  origin,  in  some  it  is  biliary,  due  to  an 
obstruction  of  the  bile-ducts. 

In  the  (itrli/  sfftf/cs  the  liver  may  be  considerably  hyper- 
trophicd  ;  finally,  however,  in  the  great  majority  of  cases  it  is 
redu(?ed  in  size  even  to  one-third  the  normal.  The  longer  the 
duration  of  the  (lisea>e  the  greater  the  atrophy,  and  the  tougher 
and  more  leathery  the  consistence  of  the  orgjui.  Ifa  finrface 
is  rendered  irregular  by  numerous  nodular  projections  varv- 
ing  in  size  from  a  millet -seed  to  that  of  a  hazelnut.  The 
yellow  color  of  these  gramdations  suggested  to  Lacnnec  the 
term  (cirrhosis  (from  xcfffK)^,  yellow).  On  section  a  grating 
sound  is  emitted,  and  the  almost  cartilaginous  consistence  of 
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the  organ  may  be  noted  ;  a  network  of  connect  ive-tiw-iic  bands, 
running  m  all  directions — extensions  from  the  thickened 
fibrous  capsule  of  Glisson — ia  seen,  whioli  divides  the  paren- 
chyma into  small  islets  corresponding  in  size  to  the  surface- 
grannlations.  The  vcllow  bile-stained  grotiiw  of  lobules  and 
pink  interlobular  fibnius  ti^ue  gives  toe  cut  surface  a  niot^ 
tied  and  granular  ap]>eiirance. 

MieroacopioiiBy,  the  chief  characteristic  is  the  chronic  diffuse 
inflammatory  hyperplasia  of  the  interstitial  connective  tissue, 
and  resulting  atrophy  of  the  jMirenehyma  of  the  liver,  at  least 
a  DumericHl  atropny)  as  the  hepatic  cells  which  remain  in  the 
projecting  granulatuins  or  nodules  frequently  undoi^  n  com- 
pensatory hypertrophy  to  twice  their  normal  size.  As  long 
as  the  hyperplasia  i»  in  excels  of  the  atrophic  changes  the 
oi^n  is  enlarged.  As  the  newly  formed  connective  tissue 
becomes  more  sclerotic,  compressing  the  eelln  of  the  lobules 
and  the  vessels  from  which  they  obtain  their  nourishment, 
the  atrophy  which  is  produced,  both  by  direct  pressure  and 
interference  with  the  blood-supply,  sooner  or  later  results  in 
a  reduction  in  the  size  of  the  oi^n.  The  yellow  appcamnce 
of  the  nodules  is  in  part  due  to  the  obstruction,  produoed  by 
ihc  hyiierplastic  connective  tissue,  to  the  discharge  of  bile 
from  the  bile-capillaries  intu  the  interlobular  ducts;  and  In 
addition  there  is  generally  an  excessive  accumulation  of  fat 
in  the  liver-cells,  resulting  not  only  from  the  lessened  blotKl- 
supply,  but  also  probably  from  the  fact  that  there  are  fewer 
cells  in  which  to  storo  the  fat  normally  present  in  the  liver. 

The  paUioloffimt  elutngM  begin  as  a  round-celled  infiltra- 
tion of  the  interlobular  connective  tissue.  Through  the  fur- 
ther development  of  these  migrated  and  proliferating  ei-lls 
dense  fibrous  tissue  is  formed,  the  cellular  character  of  which 
is  finally  almost  entirely  lost,  so  that  it  comes  to  resemble 
cicatricial  tissue  (Fig.  185).  The  remdt  of  the  obliteration  of 
the  portal  capillaries  is  engoi^mcnt  of  the  portal  circulation, 
the  most  important  aspect  of  which  clinically  is  the  enormous 
sei-ous  transudation  into  the  peritoneal  cavity,  which  is  called 
awileft. 

BTPertropUc  or  biliur  dirhoBia  differs  from  the  ordinary 
atrophic  variety,  in  that  the  connective-tissue  hyperi>lasia, 
which  is  interlobular  or  monolobnlar,  docs  not  have  the  same 


tendency  toward  sclcrrisis  ;uid  contraction,  and  as  a  result  A 
atrophic  changes  in  tiie  parenchyma  are  not  so  mitrked.  Thi 
term  biliary  is  suggested  by  the  fact  that  it  gcDcrally  ansa 

Pia.  185. 


a  linnds  of  por 

iiinectiDn  with  inHitm 


!   In  p»rta  muoh  dim  1  I    slic   b,  loter- 

iiation  or  ohstriietion  of  the  bile- 


^ 


The  inflammatory  hyiwrplasia  begins  around  (he  inter- 
ibnhir  bile-duots,  instead  of  around  the  branches  of  thr  portal 
■eiii.     Ex  jMiri  men  tally,  a  inonolobular  cirrhosis  ran  be  pro- 


LIVER— PRIMARY  CARCINOMA. 

duccil  by  obstruction  of  the  bilo-ducts,  though  in  man  it  i8  by 
no  nicauH  a  constAnt  nccomnaDimcnt  of  such  an  obstruction. 
Ill  some  caaes  fnrnistion  ot  new  bile-caiiillarics  is  observed. 
Tlie  organ  ia  eiilarga],  its  surface  finclv  granular,  and  on 
section  yellow  to  dark  green  bile-stained  patches  are  noted. 
Clinirfiiljf,  jaundice  is  nearly  always  present,  due  to  the 
ol>struction  nf  the  bile-ducts  by  the  newly  forniing  connective 
tissue;  the  portal  vein  is  not  ohatrricted  as  in  the  atrophic 
variety,  s6  that  ascites  is  generally  absent. 

Tho  spfldfic  grannlomata :  SyphUiih  lesions  of  the  liver 
occur  generally  as  a  diifuse  cirrhosis,  resembling  the  or<linary 
atrophic  cirrhosis,  except  tliiit  the  bands  of  newly  formeii 
connective  tissue  are  much  heavier.  Characteristic  gummata 
may  he  present  also,  or  they  may  occur  nuussociated  with 
connective-tissue  hvperjilasia ;  they  appear  aa  yellowish  or 
grayish,  firm  rouutled  mas-scs,  with  necrotic,  cheesy  centres, 
varying  in  size  from  a  jm^  to  that  of  a  hen's  egg. 

Tubfrcular  lesions  of  the  liver  are  rarely  primary.  DiETiise 
miliary  tubercles  frequently  occur,  however,  in  the  course  of 
general  miliary  tuberculosis ;  in  some  instances  there  are  a 
few  lai^  foci  only.  A  diffuse  interstitial  connective-tis,sue 
hyperplasia  is  sometimes  associated  with  the  miliary  tubercles. 


TUMOBS. 

FrijD&ry  coanective-tisauo  tumors  do  not  often  occur  in  the 
liver;  mu/iomafn  more  frp([Uently  than  any  other.  Mchnofte 
etircmri'i  lia^i  been  observeil,  the  hliick  nodules  of  the  neoplasm 
scattered  thiiiujih  the  orfnin,  varyinj^  in  size  from  a  miliet- 
aced  ti)  that  of  a  man's  tist ;  much  more  frequently,  how- 
ever, the  tumor  ir"  sccfmdary  to  melanotic  sarcoma  of  the  eye. 

Primary  epithelial  ttunora  of  the  liver  arc  also  rare. 

Primaiy  carcinoma  is  exceedingly  infrequent  as  compared 
with  the  sei'ondan,'.  It  occurs  either  as  a  lai^  mass,  gener- 
ally in  the  right  lolie.  with  si-condary  nmlules  throughout  the 
organ  ;  or  it  may  occur  a.s  a  dilTusn  infiltration,  which  resem- 
bles atro]j|iic  cirrhosis  of  the  liver  by  reason  of  the  nodular 
appearance  of  the  surface,  and  the  anastomosing  bands  of 
fihrutis  tissue  noted   on  section.     But  in  the  islets  between 
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them,  boncvor,  there  is  seen  under  the  microscope  the  atypical 
fitructurc  characteristic  of  tlie  neoplasm,  and  not  liver-tisBUe. 

fi-conthiri/  earrinoma  of  the  liver  is  quite  common,  occurring 
generally  in  the  form  of  roimc]e<]  and  umhilicated,  pinkim 
no<]iiles,  varying  in  size  from  a  pea  to  that  of  an  apple,  and 
often  so  numerous  as  to  prodntrc  an  enormous  enlargemeot 
of  the  organ.  The  liver-cells  surrounding  such  a  nodule 
are  greatly  flattened  and  atnipliied.  Microecapicalfif,  their 
structure  usually  recalls  tiiat  of  the  primary  tumor. 

Echinococcns  cyst  is  the  most  im^tortant  parasitic  diseoHe  of 
the  liver,  and  is  producetl  liy  the  larviB  of  the  tecnia  echino- 
coccns. Thi'fe  niav  l>o  one  or  more  cysts,  varj'ing  in  size  np 
to  that  of  II  man's  head.  They  <'(msist  of  a  connective- tissue 
oa|)sule,  inside  of  which  is  the  parasitic  cyst-wall  proper,  from 
which  originate  smaller  vesicles — I iro<id- capsules — and  the 
heads  of  the  inmiaturo  tapeworms.  As  Icing  as  the  pnrnsilc  is 
alive  the  cyst  eoiitinns  a  clear  non-alliuniinous  fluid,  in  winch 
are  found  scoliws,  the  size  of  a  millet-sccil,  and  characteristic 
booklets. 

THE  BILE-DUCTS  AND  GALL-BLADDEB. 

Inflammation  of  the  bile-ducts  i^  geiu'nilty  secondary  to  an 
inflanmmliori  afrcctirigtboniiicoiistMciidir.nie  of  the  duodenum. 
It  may  also  Ih'  pixH lined  by  the  prcsiiici'  of  a  gall-stone  uran 
intestinal  parasite  which  lias  cn-|»t  iiit<i  the  common  duct. 
The  i-cm/t  is  ini  ohstniciioii  to  (lie  imlilow  of  bile,  and  c<insc!- 
ipient  ahsorplioii  of  hib-pigmeni,  giving  rise  to  llie  conditiim 
known  as  iJinlnirliri'  jtiuvilU-r.  (A  non-ohstriictive  jaundice 
may  arise'  IVom  iiicroased  h.TiiKilysis  in  various  severe  infec- 
tious diseases — as  yellow  fever.) 

Inflammation  of  the  gall-bladder  is  (juite  conimon,  and  hns  a 
tendency  to  end  in  sii|)pMi-.iiiori.  It  niav  result  front  extension 
of  an  iiiHamiiiattrm  fi-.mi  tlic  liilc-diiets,  or  lie  due  to  the 
presence  of  gidl-i^times  or  rctaiiuil  bile 

Stenosis  of  the  bile-ducts  may  ariM>  from  ibe  pressure  ex- 
ternally (if  an  aneurism,  a  tumor,  or  an  iiiflanimalory  proc- 
ess aroiiml  tiie  iliLcI.      (hi'f/ihilti/  titrr:^i'L  siimcliirics  occurs. 

Frimarr  carcinoma  of  the  gall-bladder  is  occasionally  met ; 
the  irritation  produced  by  the  presence  of  gall-stones  is  looked 
uiHui  an  a  iK>s8ible  wuisc. 


THK  PERITOSEUM. 


THE  PANCREAS. 


Atrophy  of  tlie  [KincrcJis  is  nut  iiirniiiii'iilly  ibiinij  in  onnec- 
tioii  with  diulwU's  mellitus. 

Inflammfttion  of  the  paocreas  ta  a  rare  cundition.  diT/toais 
U  ^nctrally  Heooiidury  to  an  inflammatory  process  iu  some 
adjiiccnt  tissue;  (KxiusinDally  it  is  seemingly  due  to  alcohol 
and  syphilis. 

Carcinoma  is  the  most  im|)urtant  tumor  found  in  tlic  pan- 
cruis.  It  iij  generally  situattnl  nt  the  head  of  the  gland,  though 
the  whole  org-an  may  be  involved. 


\ 


THE  PEBITONETTM. 

lation  of  the  peiitoiuiun,  or  peritonitis,  bnt  rarely 
occurs  as  a  primary  affection,  as  compared  to  the  frequency  of 
this  e(mdition  In  tlie  other  large  serous  .saci-,  the  pleural  and 
pericanlial ;  nearly  always  it  is  secondary.  It  may  be  acute 
or  chronic;  circumscribed  or  diffuse.  So-called  idiopathic  cases 
occur  at  times  in  which  there  is  do  demonstrable  cause.  In  a 
great  majority  nf  instances  bacteria  play  a  most  important 
part  in  exciting  the  inflammatory  process.  They  may  gain 
direct  access  to  the  peritoneum  from  the  blood  in  septicsemia, 

Itytemia,  and  other  infections  diseases.  Much  more  frequently, 
lowcvcr,  there  is  a  local  septic  inflammation  of  some  or^n 
which  the  peritoneum  covers — as  of  the  uterus  and  its  appen- 
dages, and  of  the  appendix  vermtformis.  The  Imcilbis  coli 
communis  has  frequently  been  found  in  cases  associated  with 
affections  of  the  intestinal  tract.  Micro-organisms  met  with 
in  other  instances  are  the  streptococcus  and  staphylococcus 
pyogenes,  diplococcus  pncumoniie,  and  gtmococcus, 

Wiieu  the  infection  takes  place  gradually  and  the  oi^nisms 
are  in  small  numbers,  the  inflammatory  process  may  be  loenl- 
ixcd — as  in  connection  with  appendicitis  and  affections  of  the 

Elvic  viscera.  The  entire  peritoneum  may  sulisequently 
come  involved,  as  the  result  of  extension  of  the  inflamma- 
tion ;  in  other  cases  it  is  immediately  involved  by  the  intro- 
duction of  a  lai^  amount  of  infective  material — as  in 
perforation  of  tlic  stomach,  or  intestine,  or  rnptnre  of  an 
abscess  into  the  pcrit*mcal  cavity, 
as— HifL 
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Cliroiiic  peritonitia  ia  chumctcrizo)  by  tliickening  of  tl 
iK>ritoneiiin,  an<l  the  furmation  oi'  adliCHJons  betweco  oppos< 
inflaniei]  svrous  surfuccs,  a»  in  |)l<:nri!jy. 

TuberciilosiB,  primarily  aSucting  tbe  peritoneum,  is  rar 
Thf  most  frctjiieiit  sourcL's  of  iiifoctJon  t-emndarily  are  tube 
cular  ad'octioii^  of  tbe  mesenteric  and  retro[>eritoneal  lympl 
atiu  gliinch,  of  tbe  vcrtebne,  and  of  tbe  pelvic  oivana  in  tl 
fcniiili- ;  miliary  tubercles  may  occur  iu  gi'neral  miliary  tube 
Cultttiirt. 


CirAI'TEIt    VII. 

DISEASES  OF  THE  IKIXARY  ORGAJSS. 

THE  KIDNEYS. 

PASSrVZ  HTPEKSMIA. 

Passive  hTperEemia  ofriir:?  in  funj  unction  with  valvular  disease 
of  tlic  heart,  and  diseases  nfllie  lungs,  whieli  Btridusly  impt-de 
the  cirvulatiun — as  fibruid  phthisis  aud  severe  enijihysema. 

The  kidneys  arc  generally  enlarged  in  Ibe  earlier  ittnges, 
arc  firm  and  elastic ;  the  ca])Knle,  uhieh  is  nut  adherent,  may 
readily  be  removed,  exposing  a  smooth  suriaee.  On  geciiuji, 
the  cortex  is  found  to  be  congested  and  swollen;  the  Mal- 
pighian  bodies  may  be  enlarged  iind  Etnnd  out  prominently; 
the  pyramids  are  deeply  eongeated,  and  have  a  striated  ap- 
pearance, produced  by  dilatation  of  their  bloodves&els. 

At  a  later  slarje,  there  may  be  a  verj'  consideniltle  hyper- 
plasia of  interstitial  connective  tissue,  and  the  organ  conse- 
quently more  or  less  decreased  in  size  and  dense — cyanotic 
induration. 

MieroKcomcally,  the  prominent  features  are  the  dilatation 
and  overfilling  of  the  bloodvessels ;  atrophy  of  the  epithelium 
of  the  tubules,  and  a  marked  increase  in  the  amount  of  inter- 
stitial connective  tissue.  Quite  often  there  are  small  extrava- 
sations of  blood  within  the  capsule  of  the  Malpighian  IxKlies. 

BKIGHT'S  DISEASE. 

T<.  Iiihitcnjl   inflammations  of  |]ie  kidni-vs.  in  which   the 

irritjuit  has  gained  access  through  the  blood,  the  f/e^irric  tervi 

Bright's  disease  is  npplieil,  aOer  the  clinician  who  first  ex- 

•''■"■"d   lliis  imjxirtunt  iielrl  of  pathology,  and  ca[le«1  attention 


to  the  relalion  of  certain  structural  changes  in  these  organs — 
the  infl;mimator\'  nature  of  which  was  later  recognized — to 
albuminuria  and  general  dropsy. 
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jccssefli 


There  is  nothing  distinctive  of  ioflaniniatory  pron 
the  kidneys.  An  in  other  organs,  though  inHamnmtioii  alTcvf- 
ing  eitlier  the  parenchyma  or  interstitial  connective  tissue 
alone  does  not  occnr,  the  changes  may  Ije  so  nuich  more  con- 
spicuous in  one  or  tlie  other  as  to  suggest  the  term  jiarmvh^ 
maioua  or  interstitial  inflammation. 

In  ac;ute  inflammation  produced  liy  inU^nse  irritutit^,  tlie 
glomendi  and  epithelium  of  the  secreting  ttibulcs  nre  mainly 
affected ;  whiit;  in  other  instances  in  which  the  irritant  is  less 
intense  and  acta  over  a  prolonged  period,  the  iiiHaiiimatory 
changes  predominate  in  the  interstitial  connective  tissue.   ^_ 

Oasts.  ^M 

OaBts  of  the  uriniferous  tuhulcs  have  been  objects  of  ven 

considerable  interest  in  connection  with   these   patliological 


changes  since  1842,  when  attention  was  first  directed  to  them 
by  Henle.     They  are  found  in  the  urine,  and  in  the  urinif- 


erous  tiiliules  at  the  site  of  tlieir  formation,  in  nearly  all 
inflammations  of  the  kidneys,  and  are  but  rarely  present  in 
normal  urine. 

The  method  of  their  formation  is  not  perfectly  understood 
— some  probably  by  a  species  of  secretion  from  the  tubular 
epithelium,  and  others  l)y  coagulation  of  serous  exudattoua 
iuto  the  tubules. 

In  she  they  vary  acrording  to  the  part  of  the  kidney  iti 
which  they  are  formed,  measuring  from  0.01  to  0.05  milli- 


I 


metre  in  diameter,  and  one-tenth  to  a  miliimelrc  and  more 
in  Icngtli.     Several  varieties  are  distinguished. 

ITyaliiif  castg  are  homogeneons,  transparent,  and  eolorloss. 
They  are  found  in  the  urine  from  simply  congestcfl  kidneys, 
and  in  transient  albuminuria ;  often,  moreover,  in  chrnnic 
parenchymatous  and  interstitial  nephritis. 

Grnnular  cnnt«  are  composed  of  a  granular  material  re- 
sulting from  the  breaking  tlowu  of  the  epithelial  cells  of  the 
tubules.  They  are  found  especially  in  the  urine  from  chronic- 
ally inflamed  kidneys. 


DISEASES  OF  THE   VBIHART  OBOAXS. 
Fm.  188. 


1 


Cdhdar  cafis  occur  when  epithelial  cells,  or  red  and  whiti 
blood-corpuacles  cling  to  either  of  the  above  varieties. 


ACUTE  PARENCUrAfATOUS  NEPHRITIS. 

Waxy  caidH  Iiave  a  jieciitiar  glistening  appearance,  which 
disliiigiitshi-s  tlifm  from  the  hyaline  variety.  The  last  two 
varieties  occur   in   Iwth   acute  and 

chn-uic  ncphriiis  (Fij,-^.  1»(J-I90).  f,„.  m. 

ACUTE 

Acute  parencIiTinatoiis  nepliritis 
may  lie  a  primary  aft'cction,  ocour- 
ringol'ten  without  discoverable  cause; 
or  secondary,  as  a  rather  frequent 
eompIicati<m  of  scarlet  fever,  diph- 
Uieria,  and  other  acute  infectious 
diHcases,  and  of  pregnancy. 

Ctinicallif,  the  condition  is  ohurac- 
terized  by  acute  onset,  s«itity,  albu- 
minous, and  often  bloody  urine, 
dropsy,  and  unemia ;  the  most 
prominent  features  are  headache, 
coma,  and  possibly  convulsions,  due 
to  retention  in  the  blood  of  noxious 
substances,  normally  eliminateil  by 
the  kidney  a. 

Anatomieally,  the  uppoaraiice  of 
the  kidney  varies  considerably,  ac- 
cx)rding  to  the  duration  and  intensity     """^"■"'  j'v'jJJt^hT'"* ''"'"' 
of  the  aEfection. 

UacT08copicaU7i  in  some  instances  of  acute  parenchymatous 
nephritis,  especially  where  the  inflammatory  process  is  limited 
to  the  f/hmrruli — glomenilo- nephritis — further  than  a  slight 
hy()er«mia  and  swelling  of  tlie  cortex,  there  may  lie  but 
little  evidence  of  the  changes  which  have  taken  place.  Gen- 
erally, however,  the  organ  is  enlarged,  often  to  twice  its  natural 
size,  ilabbv  and  friable ;  its  camule  is  tense,  gaping  widely  on 
being  incisod,  and  is  easily  detached,  exposing  a  perfectly 
smooth  surface.  In  the  early  stages  the  oip>n  may  be  deeply 
congeste<l ;  but  later  it  is  often  jwle — in  proportion  to  the 
swelling  and  degenerative  changes  in  the  tubular  epithelium, 
and  the  inflanimiitory  cellular  and  seroua  exudations  which 
express  the  blood  from  the  interlobular  vessels. 


ACUTE  FABENCllYilATOUS  A'EPllRir/S. 

d^;en«nition  ;  or  of  a  uniform  gray  color  in  advanced  etagcs, 
when  the  leukocytic  infiltration  lias  Iteen  excessive — eontrast- 
ing  strongly  with  the  pyramidal  portion,  which  i»  generally 
deeply  congested. 

Microscopically,  alw,  the  appearances  prc«.'nted  in  acute 
parcufhyniutous  nephritis  difler  gi-eatly  both  in  the  extent 
and  character  of  the  lesion.  In  sunie  instances  the  changes 
are  almost  entirely  cunfincd  to  the  tubular  epithelium ; 
resembling  ratJieran  acute  degeneration  than  an  inflammation. 
At  other  times  there  is  a  dtfluH!  inflammatory  infiltration,  in 
addition  to  more  or  less  marked  changes  in  the  tubular  epi- 
thelium (Fig.  191);  in  still  other  cases,  to  which  the  term 
glomerulo-nephritis  has  been  applied,  the  inflammatory  changes 
begin  in  and  are  most  marked  around  the  glomeruli,  though 
sooner  or  later  becoming  more  general. 

Just  what  the  essential  difFcrem-es  are,  in  the  character  of 
the  exciting  t^nse,  which  are  factors  in  jiroducing  the  varied 
lesions  noted  above,  is  not  known  ;  though  it  mignt  be  argued 
that,  when  the  poisonous  substance  or  irritant  is  being  elimi- 
nated by  the  epithelial  cells  of  the  secreting  tubules,  the 
changes  may  be  most  marked  there ;  but  if  of  f  nch  a  character 
as  to  be  more  readily  eliminated  with  the  watery  conrtitnents 
of  the  bloiHl  liy  way  of  the  glomeruli,  the  primary  inflamma- 
tory changes  may  l>e  excited  at  tliat  point. 

The  changes  in  the  nrliiiferoiis  tubules,  most  marked  in  the 
ctmvoluted  portions  in  the  enriex,  lonsist  of  a  granular  and 
fatty  degeneration  of  the  epithtlial  cells,  some  of  which 
Iwcome  destjuamated  and  distend  the  tulmles  ;  at  the  same  time 
the  epithelial  cells  in  places  may  show  proliferative  changes. 
The  epithelium  of  the  glomeruli  may  undei%o  similar  degen- 
erative and  proliferative  changes,  and  the  whole  tuft  l>ecome 
enlai^;ed  from  cngiii^'ment  of  its  bloodvessels.  Migrated 
leukocytes,  and  small  masses  of  extravasated  red  blood-cor- 
puscles, are  often  seen  in  and  around  the  tubules  and  glomeruli. 
To  this  class  of  cases,  in  which  the  [Mirenchymatous  changes 
are  the  most  marliMl  feature,  the  term  cittai-rlial  or  tlmpin- 
tnndrc  nephritis  has  been  applied. 

As  has  been  nuttnl,  in  some  cases,  es|)ecially  those  occurring 
in  the  course  nf  sttirlct  fever,  the  inflammatory  changes  begin 
in  the  Halpighiaa  bodies — i/loiiierulo-ufphrUU.    The  glomeruli 
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are  swollen  and  infiltrated  with  leakocytes,  mad  their  ttfaDuy 
bloodvessels  engorged.  Bowman's  capoale  is  thiokawd ;  its 
cells  swollen,  degenerated,  and  deaqnamated.  The  interiobolir 
arteries  are  more  prominent  than  normal,  and  are  aurrouaJedhy 
migrated  leukocytes.  The  leukocytic  migration  naay  be  di^ 
or  excessive — occurring  in  foci  or  as  a  dMiae  vi^andion  of 
the  cortex.  In  some  cases,  even  at  an  early  ante,  them  is  noted 
a  b^inning  oi^nization  of  these  migrated  and  proliftcBliBg 
cells  into  more  or  leas  highly  developed  oonneotiTe  fiiiwm 


Ohronk  nephrltlB  may  follow  an  acute  attack,  bat  in  tbe 
great  majority  of  coses  it  arises  inddiuusly  as  an  iiuiependent 
affection.  Clinically  and  anatomicallv,  two  varieties  of 
chronic  nephritis  are  nm^ixed :  one  in  which  the  ohnagta 
are  most  marked  in  the  parenchyma  of  the  organ,  and  aaao- 
ciat«d  clinically  with  general  dropsy  and  the  passage  of  small 
qnantitic»  of  urine  of  low  specific  gravity,  loaded  with  albu- 
min and  casts — chronic  /xirenchifmaloue  nephritis  f  and  the 
other,  in  which  the  increase  in  connective  tissue  is  the  most 
markfxl  feature  anatomically,  and  characterized  clinically  by 
the  absence  of  drop.sy,  and  passage  of  targe  amounts  of  paw 
urine  containing  comparatively  small  quantities  of  albumin 
and  but  few  oasts — chrmiie  interiAitial  nei^ritla.  These  two 
varieties  may  be  different  stages  of  one  anection,  but,  on  the 
contrary,  many  cases  of  ciironic  parencliymatous  nephritis 
never  go  on  to  cirrhosis;  and  often,  in  other  instances,  die 
connective-tissue  Iiyperplasia  is  the  most  prominent  feature 
from  the  earliest  stages  of  the  inflammatory  process. 

In  chronic  parenchymatoos  neplultis  the  kidney  is  generally 
enlarged,  usually  to  a  greater  extent  oven  than  in  acute  nephri- 
tis. The  cajwule  is  readily  rcmovtHl,  ex]>OBing  a  smooth  sur- 
face, except,  at  a  somewhat  later  stage,  for  slight  irr^ilaritiea 
here  and  there,  where  bits  of  the  parenehytna  have  become  ad- 
herent to  the  eapstile  and  caused  small  lacerations  on  tearing  it 
&\r&y.  The  surface  is  mottled  and  aita'mic,  its  pale  appear- 
ance earning  for  it  the  term  /«*■</<■  irliite  kiiliif.t/,  thougn  this 
term  is  applie<l  to  amyloid  <legcnonition,  and  other  conditions 
not  included  under  the  head  of  chronic  {Mironchymatons 
nephritis.     In  consistency  the  organ  is  doughy. 


CHRONIC  ISTEIiSriTlAL  NBFHRITIS. 

On  section,  the  cortex  is  found  to  be  two  or  three  times 
its  normal  thickness,  its  mottlol  nppearance  being  ihie  to 
patches  of  fatty  dogeneration  in  the  tnbukr  epithelium. 

The  microscopical  lesionsarc  the  same  aa  in  acute  iiarcnehy- 
matnus  nephritis,  only  more  marked.  Tlic  moKt  pmmineut 
feature  is  the  degenerative  changes  in  the  epithelium  of  the 
convoluted  tubules ;  the  epithelial  ceils  are  swollen,  granular, 
and  many  are  in  an  udvance<l  stage  of  fatty  degeneration, 
finally  bmtking  down  completely,  and  filling  the  lumen  of  the 
tubule  with  a  granular  and  fatty  debris,  the  lining  epithelium 
being  entirely  destroyed.  Within  the  tubules  may  be  also 
hyaline,  granular,  and  fatty  casts.  There  is  generally  some 
increase  in  the  intertubulnr  connective  tissue.  The  changes 
in  the  glomeruli  are  equally  marke<l,  increased  thickness  of 
Bowman's  L'apsule  and  of  the  connective  tissue  Iwtwoen  the 
capillaries  tending  to  convert  them  into  atrophied  fibrous 
b<Klies. 

In  cliroiiic  interstitial  nephritiB  the  kidney  is  usually  greatly 
reduced  in  size — tole,-:sthan  twoouneesin  extreuiecasee — and 
is  remarkably  tough  in  con!<isteney  ;  its  surface  is  of  areddish- 
gray  tint,  and  uneven  from  the  presence  of  small  no<Iules  or 
granulations,  fairly  regular  in  size — about  that  of  n  millet- 
seed.     The  capsule  is  thickened,  opaque,  and  firmly  adherent. 

On  section,  themoKt  noticeable  feature  is  the  marked  atropliy 
of  the  cortex,  appearing  as  a  narrow  rim  but  a  few  millimetres 
in  thickness.  The  pyramids  arc  alw  reduced  in  size,  the 
atrophy  of  the  inter\-ening  glandular  tissue  giving  ihom  the 
apjM^arance  of  being  closely  paekeil  together. 

MicroecopicaHy,  the  prominent  features  are  the  atroohv  of 
the  glomeruli  and  uriniferons  tubuW,  the  tubular  epitbelium 
having  undei^ne  gnuiularand  fatty  degenemt ion  ;  and  great 
increase  in  the  connective -tissue  stroma,  Tlie  majority  of 
glomeruli  have  become  dense  and  filinuis  n^Klules,  but  one- 
half  their  normal  size.  Here  and  there  may  W  well-preserved 
tubules  and  glomeruli.  Occasionally  tubules  are  met  which 
seem  to  have  undergone  a  sort  of  complementary  dilatation, 
as  the  result  of  obliteration  of  tubules  in  other  areas,  becom- 
ing so  exa^^rated  iti  some  instances  as  to  form  vi/iilg,  large 
enough  to  be  seen  with  the  naked  eye.  Sometimes  thew 
cysts  occur  in   rows,  su^esting  their  origin  from  a  single 
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syphilis  and  othor  cachexias ;  and  is  associated  with  similar 
chaDges  in  the  liver,  spleen,  and  abdominal  lymphatic  glands. 
It  is  generally  accompanied  by  albuminuria,  and  in  advanced 
stages  by  general  dropsy. 

At  an  earfif  utagf  tne  kidney  may  api>ear  perfwrtly  normal 
to  the  naked  eye.  Later,  however,  it  is  enlarged,  often  to 
twice  its  normal  size,  pale,  anieniie,  and  verj-  firm  and  tough. 
The  capsule  can  be  readily  removed,  exposing  a  surface 
smooth,  polished,  and  glistening.  Oil  gcction,  the  cortex  is 
thickened  and  has  a  peculiar  transparent,  homogeneous,  Itacony 
appearance. 

M'KTnucnpically,  the  changes  are  found  to  begin  In  the  walls 
of  the  blmxlvessels  as  in  other  organs,  and  hence  are  most 
readily  recognized  at  an  early  stage  in  the  Malpighian  IxKlies, 
which  appear,  unstained,  as  prominent,  transparent  or  trsins- 
liicent,  polished  clumps.  The  rose  color  imparted  to  the 
amyloid  material  by  the  use  of  methyl  violet  as  a  stain,  gives 
the  capillaries  of  the  tufis  the  appearance  of  being  injei^etl. 
Later  the  changes  are  noted  in  the  afTerent  and  efferent  vessels 
of  the  tufts,  and  arteriro  rectw.  Not  infrequently  the  l»ase- 
nient-membrane  of  the  uriniferous  tubules  may  be  similarly 
atfwted — the  lining  epithelium  being  in  various  stapes  of 
gninular  and  fatty  degeneration.  Tliis  degenerative  change 
is  often  associated  with  parenchymatous  and  interstitial  ne- 
phritis. 

THE  SPEOmO  QRANULOUATA. 

SyphiliB  in  its  early  stages  may  give  rise  to  a  nephritis 
similar  to  that  produced  by  other  infectious  diseases.  In  its 
later  stages  it  is  a  very  frequent  cause  of  amyloid  degenera- 
tion, anil  may  also  produce  a  chronic  interstitial  nephritis. 
Syphilitic  gummata  of  the  kidneys  are  very  rare. 

Tubercnloaia  occurs  as  a  part  of  an  acute  miliair  or  chronic 
general  tuberculosis,  though  coses  are  seen  in  which  the  disease 
starts  primarily  in  the  kidneys;  infection  may  take  place 
also  along  the  ureters,  secondarily  to  tuberculosis  of  the  tes- 
ticles, seminal  vesicles,  and  bladder.  The  disease  is  generally 
more  marked  in  one  kidney  than  in  the  other,  or  may  be 
entirely  confined  to  one.  In  primarj-  fulirreulwis  of  the 
kidneys,  at  an  early  stage,  the  tubercular  foci — small  yellow 
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PELVIS  OF  THE  KlDSEy. 


Dvrmoiit  ryuls  are  al^o  found ; 
iiial  occurrence. 


to  interfepe  with  partiirit 
echinococcic  cyMs  are  of  tn 

PELVIS  OF  THE  KIDHEV. 

In  infl&miQ&tlDn  of  the  pelvis  of  the  kidney — jiijdltis — and 
the  a8s<KiiilL'(i  li>ii)iis  in  ihe  kidney  itKelf,  infection  takes  place 
most  freijuenlly  by  way  of  the  ureter,  in  ctiniieetion  with 
urethral  stricture,  enlargei)  prostate,  vesical  cah^nlus,  and 
cystitis.  Though  pyelitis  may  ocragionally  occur  in  the  course 
of  infectious  diseases  and  in  non-infectiout^  cases,  for  example, 
as  tile  result  of  the  meclianical  irritation  produced  by  the  pres- 
ence of  calculi,  calculous  pyelitis ;  yet  in  the  majority  of 
casi's  ic  is  a  septic  or  suppurative  intlumniatioa  prodnoed  by 
micro-organistns.  Sooner  or  later  there  generally  follows  a 
euppuralive  iiiflammution  of  the  kidney  itself — pyelo-nepliritis. 


Hjrilrnneplii 


1 


In  pi/clo-nephnflH  the  kidney  is  swollen,  soft,  and  friable, 
its  surface  dotted  with,  small  vellow  elevations  which  contain 
pus.  In  size  and  nunilier  tlicse  abscesses  may  vary  greatly. 
Tliev  may  be  few  and  confined  mainly  to  tlie  cortex,  or  the 
whole  kidney  may  he  fairly  riddled  witli  Iniyer  confluent  ab- 
scesses, communicating  with  the  pelvis  of  the  kidney,  the 
whole  oi^n  in  some  instances  being  converted  into  a  large 
pus-sne— y>jo-nfp/iro«i«.    When  obstruction  of  the  ureter  causes 
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dilatation  iif  the  pelvis  and  calicos  of  the  kidney,  hydnm^ 
rmU  is  the  <kf*eriptivc  term  (Fig.  192), 

Oalcnli  nut  infFequcntly  oet^ur  in  the  pelvis  of  the  kidne 
sonietinios  attuiiiing  i^uitc  large  dimensions;  the  term  ra 
t/rnvfl  is  apjilied  to  the  Bmallest  gritty  particles.  Durii 
their  fonnatioii  the  calonli  olten  become  more  or  less  ace 
nitcly  moulded  to  the  shiipe  of  the  pelvis  and  the  caliet 
They  may  be  coinpuseil  of  uric  acid,  oxalate  of  lime,  ii 
phiispliates,  and  rarely  of  cystin  and  xantliin.  The  resul 
of  their  presence  may  l>e  very  serious.  The  smallest  partid 
may  jmss  tlm>u^h  the  ureter  from  time  to  time  and  give  ri 
to  nttueks  of  excruciating  pain— renal  colic  ;  larger  ones^  1 
obstnietinf:  the  ureter  and  the  outflow  of  urine,  mav  can 
hydroiieplirosis.  Tlie  continued  irritation  produced  by 
Iiii^e  eiileulus  results  geuerally  in  a  pyelitis,  and  in  aome  cat 
seems  tn  be  the  exciting  cause  of  cancer. 

URINART  BLADDER. 

Fisanre  of  the  bladder — ;i  congenital  malformation— 
rather  i-omnmn,  oeeinring  as  t!ie  result  of  a  failure  of  tl 
viscir;il  anlii-s  tn  coalesce  in  front.  The  absence  of  fl 
anterior  wall  i>t'  the  abdomen  and  bladder  exposes  to  viei 
protnuiiiiir  and  filliog  the  cleft,  the  inHamed  mucous  dicii 
bnme  of  llie  iH»terior  Hall  of  the  bladder  which  has  bet 
pushed  forwaiil  by  the  abdominal  viscera — exstrop^j/.  XI 
extent  cif  sMcb  a  fisstiri'  varies  giratly.  It  may  involve  tl 
pubie  lH>nes,  and  in  the  female,  the  vajrina,  clitoris,  and  urethn 
or  the  bladdc-r  may  I>c  perfeelly  fornieil  and  the  cleft  conlinc< 
in  the  male,  to  tile  iiret]n~a,  e<institutiiig  an  cimpaditis. 

Hypertrophr  of  ihe  ninscle-walls  of  the  bladder  result 
from  .some  nbstruetion  either  of  tlu'  neek  of  the  bladder  or  ol 
the  urethm— as  by  enlarnemetit  of  the  middle  lobe  of  tli 
prostate  or  a  un'lhr.d  strietun'. 

The  mucous  niemln-.imM>f  theblailder  is  rnis^'d  into  tmboc 
tdic  by  tlie  bundles  of  Iiypertniphied,  interlacing  muscle 
fibres,  giving  rise  to  an  a|)[K'arane('  somewhat  similar  to  tin 
inner  surface  of  tlie  ventricle  of  the  heart. 

InilammaUon  of  the  bladder — cyMitiv — may   be    acute   oi 
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chronic,  and  varies  considerably  in  its  severity,  Tlie  inflam- 
matory process  may  extend  from  the  iiretbra  in  goiiorrhaa ;  or 
result  from  the  presence  of  vesical  calculus ;  or  occur  in  the 
course  of  acute  infectious  diseases.  The  inlroduction  of 
septic  matter  during  cathoterization  is  of  common  occurrence ; 
and  the  decomposition  of  urine  conBe{]uent  upon  the  retention 
of  urine  in  urethral  stricture  or  hypertrophied  prostate  is  also 
a  frequent  cause. 

The  mucous  membrane  in  (icMif  «i*c«  may  be  greatly  swollen, 
and  coDgestinl,  and  present  numerous  punctate  hemorrhages 
and,  at  times,  superficial  sloughs  ;  its  surface  is  covered  with 
a  mueo-purulent  exudate,  and  lu  some  eases  a  pseudo-mem- 
brane. 

In  chronic  msea  the  znucous  membrane  is  greatly  thickened, 
and  is  oft«n  the  seat  of  extensive  ulceration  ;  if  there  bo  mme 
obstruction  lo  the  outflow  of  urine,  the  hypertrophic<l  traiiee- 
ulffi  of  muscle-fibres  may  give  the  surface  a  ribbed  appear- 
ance. 

In  other  cases,  as  the  result  of  the  oi^ni/^tion  and  subse- 
quent contraction  of  the  inflammatory  infiltration  of  its  walls, 
ttie  blad<ler  is  often  much  diminished  in  sivx.  Incrustations 
of  phosphates  depasited  from  the  alkaline  urine  may  cover 
the  surface  of  the  mucous  membrane. 

The  thick,  tenacious,  gelatinous  material  often  present  in 
the  urine,  in  ad<lition  to  hirge  quantities  of  migrated  leuko- 
cytes, is  not  due  to  the  presence  of  mncin,  but  is  the  result  of 
the  action  of  the  alkaline  urinary  salts  on  the  purulent  exu- 
date. Infection  is  liable  to  extend  along  the  ureters  to  the 
kidneys. 

Tuberculosis  of  the  bladder  may  occur  in  phthisis,  but  is 
much  more  frequently  secondary  to  tnliercuhisis  of  the  kidney, 
ulonis,  prolate,  epididymis,  or  seminal  vesicles. 

The  lesion  generally  presents  as  a  single  large,  or  numerous 
small  ulcers,  most  abundant  at  the  base  of  the  bladder  aud 
around  the  orifices  of  the  ureters. 

Tumors :  Pafii/hmala,  varing  in  size  from  n  jiea  to  that  of 
a  pigeon's  e^^,  and  often   having  a  cauIiflower-Iike  appear- 
ance, are  of  rather   frequent  occurrenee.     They    are   quite 
vascular  and   bleed    readily.      Carcinoma   is  nearly  always 
tr— Hill. 
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infeGtion  in  the  purulent  dischai^  from  the  urethra.  Even 
after  the  <lisiippcarance  of  these  organisms,  lesions — i>ost- 
gonococci — remain,  which  may  give  rise  to  serious  conse- 
quenccH.  Chronic  posterior  urethritis  is  often  res[K>nsihle  fur 
lunctional  derangements  of  the  nervous  system — sexual  neuras- 
thenia. Ill  this  chronic  stage  the  inflammation  is  no  longer 
dilTusc,  hut  oiroumsoriheH.  The  legions  cun.sist  of  lomlizcd 
areas  of  suhmiieons  intiltratioii  and  cmston.t,  or  even  definite 
ulocrations  of  the  mucous  membrane ;  at  times  some  pat^thcs 
of  granulation-tissue  are  notetl. 

Strictures  often  residt  at  the  site  of  the.te  Icftions  from  the 
formation  (jf  cicatricial  tissue.  As  they  gradually  encroach 
upon  the  lumen  of  the  canal  and  impede  the  outflow  of  urine, 
the  hladder-walls  lieeome  hypertrophied  ;  hut  later  this  organ 
is  dilated,  as  likewise  may  be  the  ureters  and  pelvis  of  the 
kidneys. 

TomoiB :  Carrim/ma  of  the  urethra  may  result  from  exten- 
sion of  the  new  growth  from  adjacent  oi^ns,  as  the  vulva, 
vaginii,  and  glans  penis ;  it  is  rarely  primary,  taking  its  origin 
from  Cowj»er's  gland. 

tiiarcoma  of  the  urethra  does  occur,  but  is  very  rare. 


CHAPTER   VIII. 

DISEASES  OF  THE  NERVOUS  SYSTEM. 

THE  MENXNGES. 


mation  may  involve  both  tliu  cerebral  and  spiml 
mciiitige:>,  or  either  MCimratcly.  The  dura  ulone  may  be  abated 
— pachpHeniiiffitis;  tlie  jtia  and  arochuoid  are  usually  aflbcted 
together — leptomeningitis,  or  sim|)ly  meninffUis. 

In  the  cord,  however,  all  three  membranes  are  commoDly 
involved  at  the  siime  time,  together  with  the  periphery  of  the 
white  mntter  nf  the  conl  itjielf,  with  which  the  meninges  are 
intimately  coimerled. 

Pachjrmeniiigitis :  In  the  brain  inflammation  of  the  outer 
layer  oi'  the  dnni — pae/ii/nieiiinf/UiM  exfenm — is  generally 
seeimdary  to  dispapie  or  injury  of  the  Iwnes  of  the  skull,  of 
wliieli  it  forms  the  ]H>rtosteuni.  The  inflammatory  process  is 
Ui^uiilly  suppurative  and  eonfined  to  Iimitc<l  arcwi,  though  it 
may  extenil  to  the  otlier  membranes  and  the  bmin. 

A  flit jijvi rutin'  pad ly meningitis  interna  is  generally  Asso- 
ciated with  a  U'ptoriioningitis  or  a  ])aehy meningitis  externa. 

In  chronic  pacbTmeniiigitJB  there  is  a  diffuse  or  circum- 
s<'rilied  thickening  of  the  membrane,  which  !«  abnormally 
adlicrcMit  to  the  criiniiun  and  to  the  ariichnoi<l,  and  not  iiifre- 
(juentlv  an  itssiliciition  of  the  outer  layers  of  the  membrane 
takes  jilace. 

Hemorrhagic  pachymeningitis,  or  hn?inatoma  of  the  <1ura, 
occurs  es[>ocialiy  in  chronic  ahndioUrs  and  the  insane.  The 
condilidii  is  hxikeil  n{>on  as  a  hemorrhagic  inflinnmntion  of 
the  dura.  There  first  forms  a  highly  vascular  subdural 
iiseudo-nn>mbrane,  extending  over  the  greater  part  of  one  or 
liolh  licmisplicres,  the  liaMiiafonia  i-esiilting  seeondarily  from 
rupture  of  its  vessels.  This  jt^-iKlonicmlinuie  i)re!7ent»  the 
apjM'anince,  viwroitiiipif<i(tif,  of  granulntion-tissne,  and  coutaius 
many  thin-walle<l  bloodvessels. 


LEPTOMENISOITJS. 

Leptomflningitls :  In  leptonieniiigiti»<  tlic  influniQiutory  proc- 
ess lu-arly  always  involvea  theiiracnnoiil  an<!  pia  of  liotli  brain 
and  cord.  The  condition  may  t>ccnr  as  an  epidemic  cerehro- 
spinal  meningitis;  or  in  tiie  course  of  sniaUiiox,  scarlet  fever, 


Hydro 


pneumonia,  spptiewmia,  and  other  iofpclioiia  discasos.  The 
pneumocoecus  k  the  organism  must  fre()iiently  found  aseo- 
ciate<l  with  the  disease,  having  been  met  with  in  60  per  cent, 
of  all  easea. 
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In  some  cases  the  macroaaopival  changes  are  not  marked, 
coDsistiu^  simply  of  congestion,  loss  of  normiil  lustre,  and 
Blight  cedema.  In  more  severe  cases  the  exudate,  which  may 
be  serous,  sero-purulent,  or  purulent,  becomes  more  marked, 
and  even  distends  the  suharaclmotdal  space,  the  cerebral  con- 
volutions being  flattened  and  the  brain  compressed  to  such 
an  extent  as  to  give  rise  to  eoma.  The  veiiiridea  may  l>e  like- 
wise distended  (Fig,  193).     In  some  cases  the  exudate  pre- 

Fia.  194. 
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Flbrlnaui  leptomenliiBltla     n  r  r      nl  x      ,  gpn  m  w 

the  bnil    rrom  the  p  B  n  HI  b  <xh]  u>fael    llhi?|iluin 

■TelnllUrBtLd  Hllhfl  nlHTBllngleuliocjlPi     i  Hbrl  ous 
■Ell  ur  tliL  pla  DuDbsin) 


sents  as  an  extensive,  tliic^k,  opaque,  fibrinous  deposit  on  the 
under  surface  of  the  arachnoid.  In  other  instances  a  gre<m- 
ish-yellow,  purulent  exudate  may  cover  the  surface  of  ^e 
brain  to  such  an  extent  as  to  c-onceal  almost  entirely  the  con- 
volutions of  the  cortex  (Figs.  194  and  195).     The  inflamma- 


tory  process  may  cxtoiul  to  tiic  substance  of  tlie  brain,  varj'- 
iiig  IVdiii  slight  u'tk'inii  ol'  tiic  cortex  to  absect^- formation. 

TuberctUar  inflajnmation  of  the  meninges  is  more  conmion 
ill  children  than  in  adiiltu,  and  is  usually  prt  of  a  general 
miliary  tuberculosis  or  secondary   tn   tuberculosis   of  other 


« 


Sfniut  leptninrnlnirttli.  a.  nil 
clc-mcnU  or  the  tliuiie  lielni 
CJtel.  protinlily  lielil  liiECtlii 

netil  betwwn  Ihe  rliible  eli 

regions  of  the  l>ody,  most  commonly  the  Iung$>.  The  miliary 
tunerelos  are  most  numerous  in  tne  pia  at  the  hnse  of  the 
brain.  The  meninges  arc  congested,  and  may  be  the  scat  of 
exudations  similar  to  those  oceurring  in  simple  menin^tis. 
The  ventricles  of  the  brain  are  distended  with  a  serous  exu- 
date and  their  walls  studded  witli  miliary  tubereles.     The 
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tons. 


AiianTnia  of  the  brain  may  depend  on  general  ann;mia,  or  in 
acute  Kises  be  due  to  severe  hemorrhage.  The  condition  is 
supposed  to  occur  during  sleep,  in  fainting  spells  and  hysteri- 
cal crises. 

The  gray  and  white  matter  on  Miction  appear  mueh  whiter 
than  normal,  and  the  small  piincia  vasculosa  are  almost  en- 
tirely absent.  A  local  aniemia  may  result  from  partial 
obstruction  of  the  blootl-^npply  by  a  ihrorabus  or  embolus, 
or  the  external  pressure  of  a  tumor. 


HYPEREMIA. 

An  acute  hrperromia  of  tlie  hniin  may  l>e  pro<lueed  by  ex- 
cessive activity  of  the  heart's  action,  anil  aceumiianics  cxoes- 
sive  brain-work,  sunstroke,  acute  delirium,  and  some  infectious 
di9ea.ses,  as  cholera  and  hydrophobia. 

A  passlTe  hypenemia  may  rcsxAi  from  valvular  disease  of 
the  heart  and  from  interference  with  the  return  circulation 
through  the  jugular  veins  by  pressure  of  a  tumor,  or  by  dis- 
ea,se  of  the  lungs — as  extensive  pneumonias  and  large  pleuritic 
eHusions.  The  brain  is  enlarged,  the  bloodve^els  of  the  pia 
mater  injected  ;  the  gray  matter  may  have  a  diffuse  rosy  tint, 
and  on  section  the  puneta  vascidosa  are  more  conspicuous 
than  normal.  In  passive  byjK'nemin,  however,  the  gray 
matter  has  a  slaty  color  and  the  .sinuses  and  cortical  veins  are 
widely  distended.  (Jilema  of  the  brain  may  result  if  the 
condition  is  long  contiuueti. 


CEREBRAL  HEUORBHAQE. 

The  clinical  term  apoplexy  is  still  u^-d  synonymously  wiUi 
cerebral  hemorrhage,  of  which  it  is  the  most  striking  symptum. 

The  most  important  fndoi-s  in  thf  prwluction  of  cerebral 
hemorrhage  are  increaseil  blood -pressure  and  the  degenerative 
changes  occurring  in  the  blood  vessel- walls  with  advancing 
years,  and  in  the  course  of  various  diseases,  notably  syphilis. 
The  resulting  clots  vary  greatly  in  size  ;  they  may  be  as  small 
as  a  pea,  or  almost  entirely  occupy  one  hemisphere.  Usually 
there  is  but  one  clot.     They  occur  most  frequently  in  the 


TUBERCULOSIS   OF  THE  BRAIN. 

connective- tissue  elements — the  ne^trofffla,  cells  and 
anil  a  partial  or  complete  atrophy  of  tlie  iwrenchyma — the 
gang  I  ion -eel  Is  anil  nerve-filires.  Tiie  lesion  may  be  confined 
to  a  lobe.  In  other  eases,  especially  in  drunkurdii  and  in 
general  paralysis  of  the  insane,  the  greater  part  of  the  brain 


may  be  involved.  In  still  other  instances  there  are  multiple 
areas  of  sclerosis  irregularly  distributed  throughout  the  brain 
and  card,  the  grayish  or  grayish-pink  jilaqnes  varying  iu  size 
from  that  of  u  pea  to  that  of  an  almond. 

TnbeTcnlosla  of  the  brain — the  most  frequent  "  tumor  "  for- 
mation— is  a  ooninion  lesion,  presenting  usually  as  caseous, 
circumscribol  nodular  masses  the  size  of  an  ^g  or  larger. 
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The  lesion  exists  most  freijnently  in  the  corebellii 
more  comoioii  in  the  young  than  later  in  life. 

Syphilis:  Gummata  of  the  brain  nearly  always  origitut 
primarily  in  the  meninges,  A  ni/phitUic  endarteriUis  may  ah 
produce  diffuse  or  circumscribed  changes  in  the  bra!n-ti.s6a< 

Tumors  of  the  brain  are  of  eK{)ecial  iinitortance  by  reason  o 
the  inliammatory  and  degenerative  changes  resulting 


I 


icmlsfhcrcs,  pnitciinrl;  tV.  S.  ^Suseum.No.  StOO] 


their  pressure  on  the  brain-tissue.  The  glioma  is  the  ttimoi 
most  freijuentlyniet;  Jt  is  generally  solitary  and  gmws  always 
from  the  neiin^lia-lii*Bue — never  from  the  pia.  Sarcoma  oc- 
curs next  in  frefjnency — generally  the  n)und-eelled  variety. 
(Figs.  196  and  197.)  Carcinoma  may  iwcur  as  a  metastatic 
growth  in  the  brain,  but  never  primarily. 
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THE  CORD. 

HEHORRHAQE. 
HemoirluKe  is  of  much  less  frequetit  occurrence  and  miicli 
loss  extensive — tlio  clot  generally  not  more  than  one  eenti- 
nu'Irc  in  diameter — than  id  the  brain.  The  condition  is 
genemlly  the  result  of  traiiniii,  though  it  may  nvur  s]Ktntji- 
iieouely.  When  the  central  uanal  uf  the  cord  is  diluted  and 
lillefl  with  blood  the  term  furmatomydui  is  employed. 

DEGENERATIONS. 
Fio.  198.  Secondary  degenerations  occur 

in  (lie  l>i'i)iii  and  cord  a.'^  llie 
result  of  any  lesion  interrupting 
the  course  of  nerve-libres  in  the 
brain,  cord  iteelf,  or  posterior 
nerve-roots.  These  changes  arc 
supposed  to  be  due  to  the  re- 
moval of  normal  trophic  influ- 
ences arising  in  the  ganglion- 
cells  from  which  the  nerve-filires 
are  cut  off".  The  result  is  the 
destruction  of  the  medullary 
sheaths  of  the  fibres,  to  which  is 
due  their  opaque  white  ap|>ear- 
ance.      Tracts   in   the   eon)  so 

Fio.  IW. 
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In  Ihr  mld-diinal  rveinn. 
ibows  wi'll-nmrkoil  di'gcnenllnii  of 
(ioir*  column,  or  Ihr  dirert  nivbellar 
tract,  anil  nr  Ihc  ■ulern-latcnL  trmcU  on 
Uu  niDoiideulbelcsloiitF.W.llaKj. 
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afTooloti  Iiave  a  gray  or  yellowish -gray  color  in  cnnsequcnce, 
and  lience  the  conditiou  is  often  spoken  of  as  gray  (l^enera- 


,  i>r  Ibc  dL-Meiicnled 


tion.  In  ndditioD,  mirrogcopically,  there  ia  note*!  a  reduetion 
in  the  niimher  of  ncrve-fibrea,  and  sometimes  a  new  TormatioD 
of  eonnwtivf  tissue. 

A  deKending  degeneration  affecting  the  pvramiihil  tracts 
occurs  as  lin'  nsiilt  "f  hemorrhage  or  other  lesion  in  tlie  hrain, 
interrii|)liiig  tlie  Cinirsf  of  the  motor  fihrc!*  (Fig.  198), 

Ascending  degeneratdona  oocur  after  destniction  of  the  cord 
or  pwlerior  spinal  nervi'-riMits,  or  from  any  cause  internipttag 
the  course  of  the  pweniling  sensory  fibres  of  the  cnni,  involv- 
ing the  column  of  Ooll,  direct  cerebellar,  and  antero-lateral 
tracts  (Figs.  199-202). 


Primary  Degenerations. 

Sclerosis  of  the  posterior  colamns,  or  hcumofnr  alniin,  is  the 

mn,>t  im|>ortnnt  form  of  primary  ilepeneration  of  the  wml, 

Though  the  macn)«(H>nic  and  microscupic  changes  nro  marko<I, 

and   have  l>een  can-fiilly  stiidtc<),  the  true  nature  of  these 
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DJaRmnmatlc  rcpreBSDtBKon  i>f  thufliipply  arthcRToupB  ofmterlor-hom  reltabj 
radicular  bnarhes  <if  the  anti^rliir  DirMllHn  artrrlt»,iliiiwlne  onu|rTDUp  of  r 
OoiDiitvlely  dislruyiil  byot'cluiion  (if  oue  of  Ihuae  aoiall  veacels  and  thu) 
plaining  why  tu  inillninyi^Uiiii  IhtTe  Is  uiually  penuaneat  loss  of  moTemca 


PRIMARY  DEQENERATIOm  OF  THE  CORD. 


alterations  is  not  fully  understood.  By  a  majority  of  pathol- 
(^itits,  however,  they  are  regarded  as  secondary-  to  disease  of 
tnc  posterior  roots  or  their  ganglion-cells.  By  many,  syphilis 
is  regarded  as  the  most  frequent  cause  of  this  condition. 

MacroecopicdUy,  in  well-advanced  caaes  the  cord  usually 
appears  atrophied,  especially  in  the  region  of  the  posterior 
white  columns,  which  are  narrow  and  sunken,  and  gray  or 
grayish-yellow  in  color  (Figs.  203   and  204).    On  trans- 


iiU>.    Tlwrelt  Ml^rugiiorii.    .. 

flnt  plcxDB  oTnervc-nbrilsiarroundlnslhrcf 

■  band  ortclfiHls  li  Kcn  entcrlnirlh*  mlninn  iiuHsaui'i  mc  ifuiiuii:  •>■  uvi>v- 

Rhrc*.    The  twill  Itiemaelvfa  are  ■(mphled  and  Ihplr  pmciiMea  iloilroycd.    Thb 

wcII-DiarkVfl  vlacenJ  ■frnploin*— Kulrir  rrliea.  bluldcr  troubles,  and  larjrnjical 
frtata— in  addition  lo  Ihe  oMInair  attiic  (rmptAlni.  X  lOO  dlatnctin  (F.  W, 
MntI). 

verse  section  these  changes  are  found  to  be  most  niarlte<l  in 
the  lumbar  or  domal  regions — the  central  gray  matter  is  not 
generally  affected. 
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MieroKopienllif,  the  cliaracterUtic  features  are  fouoi 
an  iiicreii!ie  of  tlio  iicuroglia-t issue  and  destruction  of  i 
myelin-siieiitlis,  and  Inter  of  the  axis-cylinder^ whether  i 
nervous  tissue  or  the  neiiroglia-tiasue  is  primarily  affected 
not  known  (I'ig.  205).  Similar  changei^  may  occur  m  I 
cranial  nerve«,  twiwcially  in  the  optic,  and  in  the  spinal  ner^' 

The  prominent  clinical  Jadurt — inco-ordi  nation — is  due 
the  interference  with  the  eciitriiwtal,  nerve-fibres,  espeda 
those  coming  from  the  muscles.  This  expluinti  also  the  ea 
loss  of  muscle-reflexes.  Aclunl  loss  of  mii.-«le-|K)wer  indica 
implication  of  the  motor  trafts  in  the  latenil   columns  ;  a 


.TiklitteraL  gniiind-nbrci.    Tlii!  illrccl  m 


■nd  tinvdnlli  ibe  niiBtertur  columtiB,  are  an 
fccn-il.  Thiire  wiw  aUDiwt  cuinnlete  kiihbhuij  at  Mils  ana  fltio  ncrvc-ilbrw  rcl 
uluni  III  Ihu  unturliir  homH;  Uils  in  nbsiTvablr  liy  Ihe  dlBtrence  lo  color 

vomtmrcl  with  Ihe  poauirl.irtionui  i>'.  W.  Mon), 

localized  atrophies,  which  may  affi-et  certain  grou])s  of  mtisok 
if  nut  due  to  such  {taralysis,  results  from  ihc  exlonslon  of  d 
disease  to  the  anterior  cornua. 

Friedreich's  disease,  nr  hereditary  ataxia,  occurs  at  an  earl 

ajrc,  nvinTilly  in  -icvoral  mniibers  iif  the  sirae  family.  Am 
tiiinii'jilly,  till'  cliararicri-tii?  fraliires  are  degenerative  chftnei 
in  till-  posterior  anil  lateral  cohimnf!,  involving  the  pyramlii; 
and  direet  cerHn!llar  tmcts. 

Spontaneous  lateral  sclerosis  (Erl)'s  spastic  ]iaraplegia)  is 
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primary  Jegeneralion  aSecting  the  lateral  columns,  etipecially 
the  pyrnmiilal  tracts.  The  changes  usuully  begin  in  the 
liimbur  cord,  and  are  bilateral.  The  chief  clinical  character- 
istics are  jiaralyijiR,  muscular  spasms,  and  exaggerated  muscle- 
ri'flexes  ;  the  first  being  of  course  readily  accounted  for,  and 
the  two  latter,  in  part  at  least,  may  be  referretl  to  the  absence 
of  the  control  exercised  by  the  hieher  centres  ujHjn  those  in 
the  cord,  niid  transmitted  normally  tlirough  the  tracts  now 
dcgeneratefl. 

In  some  casein,  to  which  the  term  amyotrophic  lateral 
mleroiti»  has  Ikx-ii  applieal,  the  anterior  cornua  of  gray  matter 
are  also  involve<l,  adding  muscular  atrophy  to  the  symptoms 
alrciidy  present  (Figs.  "206  and  207). 


ProgTessive  aptnal  moBcuUkr  atroplir  (rlironic  anterior  polio- 
fHjfelilin)  is  Gbaracterizetl  by  a  gradtial  atrophy  of  the  large 
ganglion -eel  Is  of  the  anterior  comua  ;  and  clinically  by  pro- 
gressive atrophy  and  consequent  pnmlysis  of  the  muscular 
system — commonly  being  first  manifest  in  the  hand.  Though 
the  degenerative  changes  affect  mainly  the  gnnglion-ecilH  of 
the  anterior  cornua,  the  motor  fibres  arising  from  them,  and 


Under  the  term  myelit 
eluded,  according  to  difl 
affections.     By  many  the 
described  are  included  unc 
whicli  the  changes  are  Umt 
term  tranavcree  vtyclHis  has 
to  others  iu  which  a  coimder 
to  which  the  term  potiomy 
plied  when  the  changes  are  c 
or  leukomyelilU  {ksuxoi; — whi 
matter. 

Acute  transverse  myelitis,  i 
and  chamcterizcd  clinically  b 
tion  below  the  site  of  the  lesi 
cause.  It  may  be  due  to  trau: 
venerj-,  and  certain  of  the  ac 
regarded  as  exciting  causes. 

According  to  the  color  oft 
are  described — as  red  and  yel 
ation. 

At  the  first  slage  the  tissue 
the  bloodvessels,  and  minute 

Microgcoji!""" 


ACUTE  TRAySVERSE  MYELITIS. 
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given  rise  to  fatty  tlcgenenition  of  tlic  exudate  and  of  the 
myelin-sheaths  of  tlie  nervo-fibreH.  Miaroscopkull!/,  the 
nerve-fibrc.s  are  ftiiind  to  lie  swollen  and  granular,  and  the 
niyi-lin-Hlieatha  filled  with  droplets  of  fat.  Everywhere  are 
numerous  leukocytes,  and  possibly  some  neun^lia-cells  which 
have  taken  up  the  disint^ratcd  myelin,  and  on  account  of 
their  appearance  have  been  oesignateu  compound  granular  cells. 
The  myelitis  rarely  goes  on  to  suppuration,  though  the 
affected  area  may  undergo  complete  liquefaction  (Fig.  208). 


h 


Usnally,  however,  the  fat  is  absorbed,  and,  the  nivelin- 
sheaths  having  been  entirely  destroyed,  a  condition  of  gray 
degeneration  or  softening  remains. 
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Cbionfc  transverBe  myelitiB  may  follow  an  acute  attack, 
chief  charartfrifltic  being  a  tiiarkoti  increase  in  the  netiro| 
tissue  in  addition  to  the  chiinge^  already  noted.  SAu 
changes  may  also  be  prodiictHl  hy  chronic  oomprcssiou  of 
cord  resnltiiig,  for  instance,  from  the  gniwtli  of  a  tumo 
the  meninges  (Fig.  209),  or  the  bony  deformity  j)ro<luc« 
Pott's  disease. 

Acute  {Ulterior  poliomrelitis  ta  an  ncut«  tiiflnmmation  of 
anterior  corniia  of  the  gray  matter  of  the  cord  acconiia 
by  marked   systemic    disturhat 
'^"'_  ""''  ()n  account  of  its  greater  frequt 

ill  childhood,  the  conditioo  is  Kn 
ilinically  as  "infantile  paralyi 
tlioiigh  the  disease  does  occur  in 
iiilitlt,  and  is  recogniztnl  as  "ai 
fipiniil  paralysis,"  Nothing  defi 
is  ivnowu  as  to  its  course,  tho 
liy  many  it  is  rt^nled  as  nn  in 
tiiius  disease,  Iiaving  a  selec 
action  on  the  tissues  n-IiicJi 
affected. 

Mm'i-ogcojiicitUif,  eharactori 
alterations,  which  are  lUftst  mar 
in  tho  himbar  and  cervical  ciilai 
nicnts,  may  bo  entirely  absent  it 
early  ptiige  of  the  disease,  thot 
the  cliangcs  consecutive  to  the  ocf 
tion  of  the  acute  inflammntofy  m 
csui  arc  quite  obvious,  oonast 
of  sclerosis  and  atrojihy  of  ' 
anterior  gray  coruna  and  i 
a ntero- lateral  white  eolninns. 
Mkroncopic.nlly,  at  an  early  sti 
.  the  bloodvessels  of  the  anter 
cornna  are  dilated  and  surnniDd 
by  migrated  leukocytes,  and  thi 
have  also  lieen  noted  swelling  and  granular  degeneration 
the  large  ganglion-cells.  At  a  later  stage,  even  within  a  f 
days  of  the  onset  of  the  disease,  the  ganglion-cells  lose  tin 
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AbiceM  of  liver,  3D4 
Acid  Mains.  25 
Actiuomycous,  287 

of  lungB,  356 
AdenncBTciDoma,  302 
Adpnuid  tisaue,  i'J,  S6 
Adenoma,  290 

simple,  ofkidney,  414 
Ailipone  tissue,  62 
Adrenal  nUnds,  108 
capillaries  of,  lOB 
corlei  of,  lOH 

xona  raiciculala,  lOU 
glome  ru  lima,  109 
reliciilaria,  109 
^neml  strucliire  of,  108 
intpmal  secretion  of,  110 
lymiih-passagesof,  lOB 
medulla  of,  IOt> 
sURleniaculu-    connective 
of,  108 
Agminate  elands  of  smalt 

131 

Air- vesicles,  MO 
Alimentu-j  sfstem,  111 
Allanioig,  i»i 
Alveolar  sarcoma,  297 
Alveoli,  lltS 
Amnion,  190 

Arowboid  movemeni  of  cells,  30 
Amphi-arthro»is,  200 
Amyloid  degeneralioD,  277,  323,  3 

of  kidney,  412 
Ansmia,  312 
of  brain,  425 
local,  270 

pernicinua,  progresaive,  313 
prima  tr,  312 
simple,  313 
■eooDdaiy,  317 


Aneurism,  329 

cylinilrieal,  329 

fusifunn,  :i29 

sacculated,  329 
AnKeionia,  294 

cavernous,  294 

lymphangeiomata,  294 
Anpiosarcomata,  297 
Apfathouaetnmatilin,  359 
Apopleiy  42.1 
Appendicitis,  386 
Appendix  vermiformia,  13i 
Arachnoid,  211 
Areolar  liwue,  50 
Arteries,  77-79 

lerminal,  78 
tunica  ad ven litis,  7H 


Imim 


,77 


media,  77 
Arterio-scleroais,  328 
ArleritiK,  327 

clironic,  328 
Asiatic  cholera,  3Stf 
Aleleclaiiii,  336 
Atheroma,  328 
Atrophy,  284 

acute  yellow,  of  liver,  393 

of  heart,  318 

pmgrewive  spinal  muscular,  435 
Atiraction-sphere,  27 
Axis-cylinder,  207 

processes,  205 
Axon,  207 


I  Bacillus  of  Eberlh,  385 
Bacteria,  pathogenic,  M9 

I      saprophytic,  2(19 
Basement  membranes,  52 


^ 


'  Bile  ducin,  i36  i 
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'■  i 


mucous,  J(;8 
/i-ureor,  4ifi 

/"berculosis  of  417 

;  *V^'  65,  9I-J03 

'  '  ^''^ulation  o?,  75 

mi,  92 

decay  of  c,::  '  "^^^ 

a»nerenceof  ,n 
^"nctionsof  <u   ^'^^e'.rafe 
nainl,er  of,  63 
^'^'gin  of,  9.5 

number  of,  97'  ''' 
shape  of,  yj 
Kize  of,  97 

structure  of  97 
,.      ^"rface  of  97 
Jisea.s^,  of,  ^Jc^  ^' 

""ft'niias,  3j*> 
piethora,  309 

piasiua,  91 
■i^'a(es,  203 


sv 

1 
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] 

Ciuts,  404                                                M 

■ 

Bronthial  lilbo,  diseases  of,  3;i3 

L-rllular,  406                                        ■ 

Bronchieilaitii'.  S35 

Krnnular.  405                                    M 
hyaline,  405 

Brooch  ili^  333 

Rcule,  333 

waxy,  407 
Catarrhal  atomnliti*,  36S 

chronic.  335 

fironchoi'iieiiinoniii,  343 

Cells,  20,  22 

bodv.  24 

^n(ents  of,  24 

Brutiner.  Kl-Ddsof,  131 
Budding.  34 

Imne-,  4S 

BuB»,  200 

classes  iif,  22 

C. 

Cachectic  tedema,  273 

muscle,  23 

CalcificMiun,  28a 

fre«-liTing.  22 

Calculi  in  hUdder.  US 

CannI  of  Pelil,  229 

Cncrum  <.ri«,  3au 

»"■"               ^ 

Capillaries,  HO 

Blomal..  80 

aingle,  23                                      ■ 

Capillary  blnndTenel*.  203 

C«|bu1b  of  UlbBOn,  134 

of  I'UwIiiis.  240                                 ■ 

C«reiooini^  301 

conneclive-lixsue,  23                      H 

of  bladder,  417 

of  br«in.  428 

b.>ne-,  M                                     m 

cvlindrical^lkd,  303 

cartiUge-,  4S                              H 

48                                         ■ 

of  liver,  primarj,  399 

flallened,  W                                H 

secondarv,  400 

fusifumi,  47                                ■ 

of  mnulh,  360 

amnular.  48                                ^ 

of  iwncrraB,  401 

irregular,  48                                  ^ 

priiDftrr,  orgBll-bladder,  400 

lamellar,  4» 

of  kidnev,  414 

ma-Hi-,  4H 

■implei,  302 

mucous,  47 

«t  rtomach.  375 

ncumlsia',  4S 

of  urethra.  4111 

uigaicnl«d,  48 

Cknliac  dropiiv,  2TS 

plasma-,  48 
round,  47 

hypenmphy,  319 

CamlidKla»da.lM 

■pherKal.  47 

Unilagc  52 

Btetlate,  47 

•cells  48 

cellnlar.  55 

cnrtioal,  U9 

hyaline.  53 
of  lunrni,  143 

cyclcMis,  30,  31 

|«riGh'ondr]uiD,  54 

of  Ileilcn,  230 

while  fihro-,  54 

epithelial,  23 

j«ll«welM«ic55 

f«,48 

■ 
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CclU,  roniiri  i>r.  28 

Cells  vital  propertiM  of.  28 

Uisc-niiaiwd,  28 
llullen«j,  2tJ 

Mil,  27 

waodering,  49.  «4 

uval,  2tj 

C«Ui>lar  cartilage,  55 

spherkal,  ^8 

casts,  408 

free, 'N 

exudate,  fnncliun  and  tnto  of. 

fiiiictinns  or,  29 

fluids,  66 

iu..li<>n,  29 

bl«>od,  65 

nulrition,  '^9 

l;mph,  65 

Rcnxibililr,  20 

Hem  en,  65 

fpinfiVum,  202 

Cement  intercellular,  St! 

KmniileH,  'i'l 

Cenlroeome,  27 

sustiilory,  119 

Cerebellar  cortex,  Rray  matter  o 

nf  nen«en,  240 

Cerebellum,  21 J 

aiiuerlicisl  portion,  213 
Cerebral  cortei,  gray  matter  of, 

Uuk<H'vt(^,  23 

lvm|.hi.id,  64 

mJ..  48 

ni<ivf[iieiitx  of,  -M 

Cerebrimj,  211 

uiu.,.I«,i,l.  :M, 

jianKlinnic  parts  of,  212 

HriiwniHii,  :>1 

CheiuotaiiB,  352 

cilinry,  :S1 

Degalive,  102 

(nmlrui'lioii,  :») 

,«.«tive,  102 

CblorosL-.,  312 

iimM'Io,'-J:i.  t;ii 

(  hiinilroma,  292 

niTvc-.  ••:i,  2(13 

(■l..,rl<.n,  lyO 

..r  n.r.l.  21S 

Cliornid,  226 

(inijKTtU'-.if.  ii 
of  I'liikini,-.  -Jl:! 


yle,  103 

iiiciii'n'n  of,  in 
liarv  bodT,  238 
ninvi-nicnls  of  cells,  31 
rcnliil.irv  aiiparalus,  269 
:m*mla,  l,«al.  270 

hviieni'iuia,  269 
■iittivc,  2«!) 
iMLosive.  270 


^^^■^^HB 

^ 
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pV-3>8                                   1  Cortical  oelln,  IIS 

degenerative  change^  321          I  Crenation,  03 

Crura  cerebri,  2ia 

phlebiUg,  330 

Ciypla  of  tonsil.  122 

heart,  75 

Tuciilar  BJniue.,  RO 

Cutis  vera.  163 

yeiai,  7» 

Cylindr!csl-oelle<l  cancer,  303 

Cystic  ducts,  lAH 

(Hrrhosis  of  liver,  3US 

Cystitis,  410 
L>sto»ome,  24 

Clitorli,  IM 

Congolation-necrosii.,  275 

CysU^  307 

dlsinl^ralioii,  308 

Coccygeal  gland,  106 

of  kidney.  414 

Cochlea.  236 

retention.  308 

Cohnheim,  eiperimenU  of,  248 

(rvtolenima,27 

fields  of,  61 

Cotilis,  acute,  3H1 

n. 

Cwloslrum,  IW" 

Q)lutDnar  epitheliuni,  44 

Decidua.  191 

Common  ducu.  lan 

Degenerations,  amyloid,  277,  323 

327, 

Conjugation,  34 

412 

CoiOiinciiva.  224 

cloudy  swelling,  281 

colloid.  280 

L*lls.     .fe  L^ellii. 

fatly.  277.  327,  412 

dla^Ke^  256                                         grabular.  281 
dUtribniion,  4T                                     Rjaline.  281,  323 

eitrw:«llular  elenicnW,  47 

of  kidneys,  412 

<il  lung,  145 

varieties  of.  411-60 

mucoid.  2S0 

parenchvmatous,  281,  412 

of  spinal  cord,  429 

primarjr,  431 

ascending,  431 

prlm-ry  fil 

hemorrhage  of,  429 

secondary,  429 

waiy.  277 

tumoraof   440 

Corium.  IW 

Dendrites,  -205 

Ijimea,  228 

epithelial  In^er  of,  22ii 

Dentinal  fibre.  114 

Corpora  cavemoHB,  171t 

sheath,  114 

lalea.  185 

tubules.  114 

Dermis,  ld3 

of  Hawaii,  89 

of  embryo,  40 

of  KtauM.  222 

of  Meismer,  22? 

Diathr»«»,  -200 

uf  Pacini,  223 

^ 
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TMphtherii,  361 
DUiitlegralion  cvhIb,  308 
Ductless  gluntLi,'(>lt,  104 
I>ucia,  common,  71 

cjuculntory,  ITS 

inierlobiilar,  70 

inlernieiliate,  70 

intralobular,  70 
Diindeoal  glandu  or  Boiall  interline, 


Epididymis,  176 

canal  of,  176 
E-:|>if[loUis,  143 
K{iiiii;uiiii],  61 
EpiihelinmB,  303 

of  larvnl,  %i3 

primarj  or  liver,  399 
Epiilidium,  42-46 


uolut 


r,  44 


ICar,  233 

eilernal,  234 

middle,  '2'M 
Ebcrth,  bai'illLLt  of,  3»6 
Kchlnococuiit  cyBl  of  livi 
EcloplaMn,  24 
Ectosarc,  'it 
^acilhitory  ducts,  ITl! 
lillcmuntH,  extraoKlliilur, 

non-ralliilur,  W.  i'l 

iimiunle,  Iti,  22 
Bnibnlihm,  -271 

of  brain,  4'24 
Embryo,  <levelii|niicin  <> 
£in|iliyseina,  3ltti 

inlenitilial,  '£ili 

va.sciilnr,  3;!0 
Empvenia,  iViS 
EiDuldonf.  IM) 


Kno 


ilinliti 


426 


i-biillw,  222 
Rndocurililin,  324 
niMiIc,  324 


ciliated,  45 

Him  pie,  45 
I  titretilied,  4-S 

non-cilialed,  44 
'  simple,  44 

I  RiratiGed,  44 

function  of,  43 
glandular,  45 
I      icnMet,  45 
I'lCBlloo  of,  42 
neuro,  46 
pigmented,  46 
Muiple,  44 
sjH^iiilined,  46 
7  neiiro-,  4l) 

piRmtnletl,  46 
wiuamnus  simple,  43 

Kirniilicd,  43 
structure  of,  42 
trunE<Liioiial,  44 
varieties  of,  43 
.  Kreclile  tissue,  HI 
I  Krvtliroblasl.*,  5H 
Kivtlirricvteii,  S2 
Kii-.turbian  lube,  234 
i  Kxuilale,  cellular,  function  and  fate 
of,  2-14 
Kcnnis.  fuiK-lion  of,  255 
Kve,  224 
liCyt-lid,-,  aw 


Kiuloii 


111 


Kndi>i>raHm,  24 
Knilosarc,  24 
Endothelial  »nm>m!iia.  2 
EtiaolhelioniaiiriiK'ning 
Kndoiheliiirii,  42,  46 
Euleritis,  ;i«0 
Knsinophile  lelikrirvles. 
ICpiMasl.  40 

tissues  (leTelo[)ed  from 
Epidcrmiii,  151 


Fallopian  luben,  186 
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Fever,  267 

GunKrene  of  lune,  346                                      ^| 

anntomiciil  chanKcs,  2liB 

circL>m»:ribed,34(t                                        ■ 

eiiolony  of,  2(W  " 

diiiiiHe,  34e                                                   ^M 

BigniJiwnce  of,  2fi9 

Fibres,  32 

G»stric  ulcers,  372 

perfnnitinR,  57 

dnnger»  of,  374 

of  Bharpey,  57 
white,  49 

(iMlrili...  :MiS 
acuie  toxic,  367 

yellow  eluUc  49 
Fil.rc.bli.sto,  47,  aJ3 

chronic,  3*>8 

Fibroma.  2!I0 

prolifen,  3UD 

•.r  kidney.  414 

purulenl,  3ri7 

Fihr.>.i»,  2r«i.  S45 

Fillirorm  piim)l»of  u.ngiie,  IIS 

■imple  ncule,  366 

Kiwure  of  blailder,  410 

FlngellB,  27 

GastroploMj,  366 

oiotinn  of,  28 

Genimntiou.  34 

Kluidis  bnly.  M 

Genital  otgnns,  female,  182 
mammary  glandx,  194 

eelliilMr,  li6 

emuUioKK.  B6 

ovary,  IH2 

chvlp,  641 

oviduclB  or   Fall'.ninii    luben, 

milk,  m 

INK 

lioraogeneous,  dS 

uleniB,  187 

Faitnl  meinhriine,  191 

v.(tin»,  193 

vulva,  194 

nllanl'.iK   181 

m»lt,  172 

amnion,  190 

Cowper's  glands  179 

chorion,  ino 

i]ecidu»,  1»1 

peni»,  179 

prostate  glaml.  178 

(ilncenDi,  l»:f 

seminal  veaicles,  177 

imibilJoilcord   1U3 

iwlirle,  172 

vesicle,  191 

vwd..fcr«i«,177 

villi.  1!I2 

Gianl-celled  aareoma,  297 

Poli.te  u&pillttr  of  tongue,  ns 

Giraldfe,  organ  of,  177 

Follicle*  of  LieUrkahn,  130 

G1ukU>«.  267 

F.,v«,  cmlralio,  233 

of  Iiincs,  a^6 

Friedreich'*  diseiiw.  434 

Glands,  fl7 

Fungifonu  papillx  of  tongne.  1 18 

adreniil  or  auprareiial,  108 

agmilinle,  90 

of  n...il  intestine,  Ul 

«. 

of  Bartholin.  194 

Gsll-bUddcr.  I3S 

blood,  67,  104 

inll>imi»»li<.n  of,  MW 

of  Briinoer,  131 

n»ngli:>,'2l6 

carotid,  106 

of  poelerinr  roolm  217 

sympalhelic.  21" 

corle:!.  89                                           ^^^ 

tvpi™l,  217 

^^^^^H 

G.ng1inn-ce1l«,  202 

ducile».  104                                    ^^^^M 

(iRngrene,  276 

function!  »r,  104                          ^^^^H 

GUnds,  duodenal,  o(  small 
131 
fatty,  72 
Uclirymnl,  233 

Lusclika'H,  106 
■     iphoid,  67 


l;m|>hc 


maniniar;,  194 
medulla,  89 
Melbomisn,  233 
mucous,  71 

of  tonsils,  122 
parotid,  120 
proBtate,  178 
saccular,  compound,  70 

simple,  70 
salivary,  120 

inSammation  of,  3tt5 
sebaceous,  157 
nocretory,  67 

duelled,  68 
morphology  of,  70 
open,  OH 
saccular,  70 

compound,  70 

8101  pie,  70 
tubular,  70 

compound,  70 

simple,  70 

BoliUry,  90 

Bubliiigual,  121 

submaxillary,  122 

thymus,  88 

thyroid,  107 

of  tongue,  117 

tubular,  compound,  70 
Bimple,  70 

of  Tyson,  180 

uterine,  188 
Glandular  epithelium,  46 
Glioma,  306 

of  brain,  428 
Glisson,  causule  of.  1:14 
Goblet  epillielium,  45 
Graafian  follicles,  184 
Granular  ca>'l».  40o 

degeneration,  281 
Granulation  liK-iiie,  2G2 
Granules,  of  cell^  2-) 
'•'wophile,  25 


Granules,  colorless,  26 
Dobie-s,  62 
Ehrlich's  division,  25 
Sosinophile,  26 
neutrophile,  25 
oiyphile,  25 
pigmentary,  25 
GranuloDiala,  infective,  264 
actinomycosis,  2(i7 
glanilers,  267 
leprosy,  267 
rhinoscleroma,  267 
syphilis,  207 
tuberculosis.  264 
Granuloplaem,  24 
Gustatory  cells,  119 

H. 

Hcmaglnbin,  amount  of,  311 
Hsmoihorai,  356 
Hwrs,  154 
bulb,  154 
cortex  of,  165 
cuticle,  155 
follicle,  165 
raedulln,  of,  1-^5 
roots,  154 
Healing  br  first  intention,  259 

by  second  intention,  260 
Heart,  75 
and  pericardium,  diseases  of,  31t 
atrophy,  318 
degenerative  changes,  S21 
hypertrophy,  319 
inflammations,  323 
valves  of,  75 
Hemorrhagic  infarcts  of  lungs,  33! 
Henle,  layer  of,  156 
Henle's  loop.  164 

ascending  limb  of,  165 
descending  limb  of,  164 
Hensen,  line  of,  62 
Hepatic  artery,  136 
ducts,  138 
veins,  136 
Hernia,  370 
Histologic  structures,  analysis  of,  1 


of  n 


I,  19 


technique,  20 
Homogeneous  fluids,  66 
Hnwship's  lacunK,  60 
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Hyaline  Mrtilage,  53 

caste,  405 

of  pelrlsof  kidney,  415                                 ■ 

deKenenxioQ,  2)tl,  323 

of  periloneum,  401                                           ■ 

malrii,  32 

productive,  259                                                ■ 

HTBloplasm,  24 

purulent,  25(S                                                  J 

Kuppuralive,  266                                            ^1 
ofurethm,  418                                              ^H 

Hydroihorai,  356 

HymcD,  IB4 

varialiona  in  type  of,  255                              ■ 

Ilvperemia,  269 

Inleriobular  ducts,  TO                                       ^M 

active,  26» 

septa.  70                                                             " 

of  brain,  425 

acule,  426 

InLerstilial  emphyiwruB,  336 

patuive.  426 

|>a«i»e,  270,  337 

Iniestinea,   awjuired  deformities  and 

of  kidneya,  403 

displaoemenu  of,  879 

of  liver.  393 

Hypertrophy,  285 

menia  of,  378 

of  bladS«,  418 

inSammiitinns  of,  380 

cardiac,  319 

■cute  colitis,  381 

OUMM  of,  3111 

appendicitis,  386 

causes,  286 

duodenitis,  381 

HypoblBP-t,  40 

enteritiis  380 

speciBc,  386 

Hypopiasi.,  284,  285 
of  iTeart,  318 

Asiatic  cholera.  S86 

srphilis,  391 
t'uberculosla,  390 

typhoid  fever,  386 

Urse.  132 

[DfiuvM,  271 

mu^krcoaiof,  132 

[nfeclire  graimiomaM  of  lung,  347 

small,  128   , 

agminate  elands  of,  131 
bfoodvesMlsof,  132 

fatly,  277 

duodenal  glandi  of,  131 

eiirinuc  284 

Ivmphoid  glnndN  of,  131 

intrinsic,  283 

mucous  membrane  of,  129 

mureslar  coal  of,  131 

of  bile-duel*.  400 

muscuUris  mucow,  131 

of  bladder.  416 

nerves  of,  132 

uf  brain,  42d 

■oile,  426 

130 

chronic,  42S 

lappurative,  420 

-alls  of.  128 

of  cord,  43« 

deSnition  of,  247 

tumor?  of,  392 

of  pill  bladder,  400 

Intralobular  c*pillari«,  137 

inler»lilial,  259 

ducts,  70 

of  Ji.er,  .194 

veinh  137 

acute  purulent.  3M 

chronii-  imerttilia),  398 

IfIm,  22S                                               ^^ 

of  metiinge.,  420 

Irritants,  266                                    ^^^^^M 

II  r  pancreas,  401 

^^^^H 

i^^^^H 

Ksi7o kinesis,  a'.,  34 
Ki'lneys,  I5S 

bloodvessels  uf,  165 
corlet  of,  160 
diseasea  of,  403 

fi right's  disease,  403 
cysln,  414 
degL-nerationB,  412 
amyloid,  412 
fmiy,  412 

parenchymatous,  412 

gnnulomali^  Bpecific,  413 

syphilix,  413 

liiberculcBtis,  413 

hyperiEmin,  passive,  J03 

nephniis,  acute pareDchymat 


407 


chn 


ic,  410 


Laryni,  lifcnnienis  of,  14S 
uiucouM  nienibrane  of,  143 
!  epithelial  lining,  143 

Bubmucosu,  143 
I  tunica  propria,  143 

i  Uiomyonia  of  kidney,  414 
I  Lei  imyomala,  30.5 
j  Leprony,  267 
'      of  lungs,  356 
I  [^ptomeningitis,  421 
'  Leukemia.  :)I4 
I  Leukocyte,  23 
LeukocytiM,  alleratioiw  in,  311 
cell-bodies  of,  '^H 
nuclei  of,  il8 
'      number  of,  97 
,      origin  and  devel.>[imenl  of,  ll 
'  '■     structure  of,  07 
varieties  of,  B 


pan 


■s,  414 


ihymaloiis,  410 

of,  ir,8 


unoph 


',  100 


medulla  of.  l;,, 
pelvis  of,  I6N 

inHauimatiun  of,  415 

wall  of,  I U8 
Bustenlacukr  wnnective 

160 
uriniferous  tubules  of,  IS: 
Krauxe,  membrane  of,  62 
tactile  corjiuscles  of,  222 


Lachryniiil  canak,  2:!3 

gland,  2:» 
LactHlion,  I'M 
Langerhans'  liotliei,  140 

rells  iif,  221 
Lkrdaixoiis  deRenemtion,  277 
Laryngitiis  acule,  332 

chnmic,  333 
Laryni,  143 
vartilageHof,  143 
diseaxes  of,  332 

laryngitU,  332 
Iiapilliininta,  3:^3 


IMiIyniorjibonucleiir 
pbile,  1<H> 


!,[■     Leiikoryihtcmia,  314 
'    l^ilkocytosiH,  311 
■  Melierkulin,  folli.le,  „r,  130 


I  Ligaments 
j  Linin,  26 


t,  siis|.Mwiry,  22!l 
is  of  larynx,  143 


By«liillK,3:w 
tuberculosis,  3:13 


Lipoma,  291 
of  kidney,  414 
.  Liqne  fact  icin -necrosis,  276 
Li(]n..r  Ninguinis,  91 

seminLs,  INl 
Liver,  133 
■cells,  138 
diseaMM  <ir,  3S)3 
.         nlmiiliy,  acule  yellow,  J 
hyitenetnia,  303 
inflammations,  3!»4 
,        syphilis,  3',iS» 

lllliercillosis,  :{0U 
I         tumors,  3!iy 

gencrnl  structure  of,  134 
■      li.bnlesof,  l.iti 


Localized  (cilemas,  273 


Lymph  at  icsyiteiD,  TSaseU  of,  coaU, 

Lungs,  145 

valves,  B5 

bloodvtsaeU  or,  141! 

v««.l«,  84 

conneclive  tivue  of,  146 

of  itiusll  irilenline,  132 

dbeases  of,  336 

of  spleen,  m 

■ctinoroywBis,  360 

of  slomnch,  128 

I.ymiphatiaiofliing,  147 

of  salivary  glands,  J'JO 
of  Ihyroia  gUnd,  108 

gungrene,  :iM 

Lymphoid  cells,  64 

1,839 

of  lon«il,  123 

hypenemia,  pauive 

337 

glands,  117 

leunmy,  35ti 

of  small  intealine,  131 

tnlem*,  338 

liKUe  of,  52,  K.i 

pneunioiiia,  tlirtinic  inlentilial, 

cella  of,  85 

:i45 

difiiiM,  85 

lobar,  330 

lobular.  343 

mesheti,  85 

srphilii,  35S 
tuberculoais,  347 

nodules,  &■'> 

(umore,  356 

M. 

Macula  lulea,  233 

pyramidal  bbaln  of. 

lu 

Mali.ighi,  pyramids  of.  ISS 

Liuchka's  gland.  106 

Lyiupli,  05,  82,  103 

-ooU..  87 

corpuscles,  106 

-con'usclw.  103 

MaBHnMygknd^  IW 

f«llide<s  85 

McreiJonof.  lSt> 

.8inuse».  89 

Bustentacular    cimneciive    ti»»i 

medullarf,87 

of,  195 

Margination,  250 

spaces.  h2 

Marrow,  function  of.  58 

of  FotiUma.  228 

red,  57 
yellow,  5S 

Ljniphalic  glands,  86 

Mast-cellx,  48 

c«i>suleor.  87 

Malurnlion  of  ovule,  38 

drculnliim  lliroiiKli 

88 

cortex  cf,  H« 

Medullary  sheath.  208 

elem«nU  of,  8tt 

medolla,  88 

Meissner.  tactile  TOrp.i*le»  ..f,  221 

origin  of.  83 

TCMb  of,  87 

aderent,  S7 

basement,  62 

eBerenl,  68 

of  &>«iu>n,  226 

HyaWm,  82 

diHtant,  51 

action  of,  82 

of  Kr..i«,  02 

iKlenIti  of,  84 

muuiu's  72 

epithelium,  72 

origin  of.  83 

T««»U  of.  82,  M 

wwrelion,  73 

Membranes,  mucous,  submucosa,  72 
tunica  propria,  72 
of  Naaniylh,  114 
of  Keissner,  237 
wrous,  73 
connective  tissue,  73 
endotlieliuni,  73 
parietal,  73 
subserous  tissue,  73 
visceral.  73 
Meninges,  diseanes  of,  420 
leplomeningitis,  421 
pachymeningitis,  420 
chrouic,  420 
heraorriiHgic,  420 
syphiliu,  424 
tuberculosis,  423 
tumora,  424 
Mesoblast,  40 
Melakinesis,  37 
Micropyle,  4l 

Microscopical  appearances  of  inflamed 
animal  membranen,  248 
lirst  stage,  24H 
second  stage,  249 
third  stage,  2-)0 
Mineral  matters,  '.i'i 
Mononuclear  leukocrtes,  birge,  W 

amall,  99 
Mouth,  111 
diseases  of,  3-'i9 
Btomatiiio,  3o9 
svphilis,  aiH) 
thrush,  3(!0 
tuberculosis,  360 
tumiirs,  3<>(l 
mucous  membrane  nr.  111 
of  epithelial  laver.  Ill 
of  submucoKa,  1 12 


Mucous  membranes  of  tongne,  1 16 
-         of  trachea,  144 
]        of  uterus,  187 
I  Mumps,  365 

I  Muscle  cells,  60 

'  cardiac,  62 

I         involuntary  or  aou-slriated,  63 

I         striated  or  striped,  60 

volunurj,  198 
I         motor  end-plates  of,  320 
I  Muscular  coat  of  large  inteatine,  132 
I         of  urethra,  170 
j     structures,  198 
I     gilbslance  of  tongue,  116 
MyeliUs,  a     ' 


Myeloid  sarcomata,  297 

Myebplaies,  51 

Myocarditis,  323 

Myocardium,  75 

Myoma,  :i04 
leiomyomata,  305 
rhabdomyoniala,  304 

Myomalacia  cordis,  323 

Myioma,  291 


N. 


Xails,  l.iT 
It  of,  1 


ofli; 


a  propri 


112 


Mucoid  degeni 
Mucosa,  T2 

Mucous  c«1ts,  47 

of  tongue,  117 
membranes  72 
of  larynx,  143 
of  mouth,  111 
of  nasal  fossie,  141 
of  ix>sn|>h;igun,  125 
of  pharynx,  124 
of  small  intestine,  129 


.  Xasal  fossae,  141 

raucous  meuibrane  of,  141 
'  olfactory  portion,  142 

'  respiratory  portion,  142 

passages,  diseases  uf,  3:!2 
,  rliinilis,  H32 

svphilis,  332 
I  Nnsmytti,  membrane  of,  114 
,  Necrosis,  274 
varJL-lies  of,  275 
caseation,  276 

fat,  276 
I         gangrene,  270 

,  NephnliK,  acute  pa renchvmatous,  407 
clironic,  410 
interstitial,  411 

parenchymatous,  410 

urrangemenl  of,  217 
Xerve-i-elis,  !;02 
of  spinal  cord,  215 


(Edema,  renal,  273 

-fibres,  a07 

(Esophagufl,  12.5 

inUamcualion  of,  365 

mcd<ill>t«d,  20- 

mucous  membr*ne  of,  125 

of  lung,  147 
nrsmsll  intestine,  132 

BubmucoM,  liS 

tunica  propria,  125 

-lermin.U.  2IS 

muBcnUr  layer,  12S 

cUuw  of,  21S 

Olfttclory  cells,  142 

-linue,  64 

Nervous  H^stem,  2oa 

Oligemia,  30fl 

•lixewM  of,  420 

Oilgenetia,  186 

diTisioD  of,  202 

OrganE,  74 

NenruoiiB,  2Wi 

cells  of,  74 

NeurileniniB,  208 

of  Coni,  2io,  238 

Ncuri1e»,  205 

parenchyma  74 

riintlion  of,  2(W 

snsCenlacuUr  lisnie,  74 

Ncitmepilheliiim,  4e 
Neumelia,  20fl 

-cxlU,4tl 

(Jsleoclasls,  5H 

Neiirokemtin,  208 

OMeoma,  298 

Ova,  23,  64,  18:f 

Neuron*,  tH,  206 

Ovary.  182 

epithelial  oavering  of.  183 

stroma  of,  1S3 

Neutral  Bt>in^  2» 

Oviducts,  186 

Neu[rouhil«  leuknc^io,  100 

Nipple,  IM 

Ovule,  38,  184 

N.Hies  of  lUnvier,  208 

ferllliMHion  of.  30 

Noma,  m> 

maturation  of,  38 

Nucleur  fibriU,  2« 

Oiyphile  leucocytes,  100 

mntrix,  2S 

p. 

Nuclei.  23.  2H 

function  of,  27 

I.HT.li™  of,  26 

chronic,  iJO 

iih>»  of,  26 

hemorrhagic,  430 
Palate,  soD,  124 

-iMof.  27 

Ktniciure  of,  2ti 

Pancreas,  138 

Nucleolus,  203 

atrophy  of,  401 

Nulritlon.  lalhology  of.  274 

car«iaoRia  of,  401 

connective  litMie  of,  138 

O. 

inflammation  of,  401 

I'apillsof  tongue,  117 

lEdem..  272 

filiform,  118 

of  lun^  33H 

foliate,  119 

vuielies  of,  272 

oiclieclic,  2T3 

Papilloma,  2S» 

cHi-e,  2:2 

of  bhulHer,  417 

loollied,  273 

454 
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Parathyroids,  108 
ParenchymatouL  degeneration,  281 
of  kidney,  412 
inflammation,  259 
Parotid  gland,  120 
Pathogenic  bacteria,  269 
Pathology,  human,  243 

modern  or  cellnlar,  244 
Pelvis  of  kidney,  168 

wall  of,  168 
Penis,  179 
Peptic  or  cardiac  glands  of  stomach, 

126 
Pericarditis,  326 
Pericardium,  76 
fibrous,  76 
serous,  76 
Perimysium,  61 
Periosteum,  57 
Peritoneum,  133 
inflammation  of,  401 
tuberculosis  of,  402 
Peritonitis,  401 
chronic,  402 
Peyer's  patches,  lol 
Phagocytosis,  101,  232 
Pharyngeal  aponeurosis,  124 

tonsil,  124 
Pharyngitis,  pseudomembranous,  361 
Pharynx,  124,  143 
diseases  of,  361 
diphtheria,  3()1 
pseudomembranous  pnarvngitis, 

301 
simple   catarrhal    inflammation, 

301 
tonsillitis,  30.", 
mucous  membrane  of,  124 
epithelial  lining,  124 
lymphoid  n«Klules,  124 
submucosa,  124 
tunica  propria,  124 
walls  of,  124 
Phlebitis,  330 
chronic,  331 
Phthisis,  acute,  3')0 
chronic,  353 
fibroid,  354 
Pia  mater,  21 1 
Pigmentary  infiltration,  283 
extrinsic,  284 
intrinsic,  283 


Pigmented  epitheliam,  46 
Pineal  body,  110 
Pituitary  body,  110 

anterior  lobe  of,  1 10 
posterior  lobe  of,  110 
Placenta,  192 
Plasma-cells,  48 
Plethora,  309 
Pleura,  150 
diseases  of,  356 
empyema  of,  351 
hemothorax,  356 
hydrothorax,  356 
pleuritis,  367 
pneumothorax,  356 
Pleuritis,  357 
fibrinous,  357 
serofibrinous,  357 
Plexusof  Auerbach,  132 

of  Meissner,  132 
Pneumonia,  339 
chronic  interstitial,  345 
lobar,  339 

division  of  process.  340 
etiology  of,  340 
lobular,  343 
etiology  of,  343 
lesions  of,  344 
Pneumothorax,  356 
Polar  bodv,  49 
corpuscle,  27 
Poliomyelitis,  acute  anterior,  438 

chronic  anterior,  435 
Polymorphonnc'lcar  leukocytes,  100 
Polynuclear  leukocvtes,  100 
Pons,  213 
Portal  vein,  136 
Productive  inflammation,  259 
Pronucleus,  female,  39 

male,  40 
Prostate  gland,  178 

sustentacular    connective   tissue, 
178 
Protoplasm,  22 
granules,  24,  2") 
vacuoles,  24 
Prot<)[>lasmic  processes,  205 
Pseudomembranous  pharyngitis,  361 

stomatitis,  3'')9 
Purkinje,  cells  of,  213 
Purulent  inflammation,  256 
Pyelitis,  41  o 
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P7elo-nepllrlti^  415 

SaprophyUc  bacteria,  266                                ^| 

PyWicglfrndsofiionwuli.  VH 

IJaroolpinniB,  Wl                                                ^H 

Pjoncuhronia,  415 

Sarcoma.  2D4                                                     ^M 

PyraroidRl  lobiilM  of  l,»ig,  415 

alve..Ur,  297                                                  ■ 

Pyramids  ..f  Fsrrein,  180 

at  Mfllpighi,  \m 

of  brain,  42U                                                ^H 

endoiht^liat,  -m                                           ^| 

*i' 

giantcelledormveloid.  2»7                       ^H 

C^iiinsy.  3il4 

of  laryni,  .133                                                ■ 

melBnotic,  29H 

11. 

of  muiilb,  360 

primary,  of  kidney,  414 

round-celled,  2«ft 

Ranvier,  nodes  of,  208 

hpindle-celled,  2Ue 

Kectum,  133 

of  urethra,  418 

Ked-marrow,  57 

Sarwpl«»m,  61 

KeiMl  calculi,  4I(> 

Sarcous  discs  62 

droMjr,  273 

elemenlH  U2 

Bei.rodnction,  33,  41 

Scala  medi.1.  237 

of  oclU,  33 

Schr^r,  lines  of,  115 

wxual,  38 
IteproJiiMire  ■ysleiii,  172 

Sclerosb,  amylrophio  lateral,  435 
of  pwlerior  columns,  431                               H 

BespirMory  organs,  dbeiun  of,  332 

npontsneous  InlertI,  434                                ^H 

syBlem,  141 

Sebaceous  glands,  1&7                                       ^M 

general  cuiwdeniiona  of,  141 

Secretions,  eileraal,  (W                                    ^H 

Itetenlioa  cysM,  3US 

inlem^tj,  US                                                    ^1 

Retiforni  iLmie,  52 

Secretory  glnnds,  117                                          H 

Ketlns,  230 

morphology  of,  10                                    ^H 
SegmenUtlon,  34                                               H 

RhuUlomyonuu,  304 

Rhmitia,  332 

Semen,  65,  181                                                   H 

acile,  332 

chronic,  332 

SeininnI  vetiete.  177                                          ■ 

g).nd^71                                                       ■ 

uf  tongue,  117                                         ^H 

B. 

membranes,  73                                               ^H 

Sertoli,  cul>iniDi>  of,  174                                ^M 

Saccular  Rluula,  cum po nod,  70 

Shsrpey,  Hbm  of,  57                                       ^M 

flmiile.  70 

Shealhof  Schwann,  2W                                 ^H 

Saccule,  2*-) 

Simple  fiuid^  05                                   ^^^M 

8«liita,  122 

SinuM«  lymph,                                    ^^^H 

Salivary  aUnda.  120 

H.H.dv«W,ll,of,  120 

vascular,                                           ^^^^H 

venous,                                        ^^^^H 

Aae\3  of,  120 

Skeletal  airucturt!*,  108                        ^^^^^| 

general  Hinidu  re  of,  120 

Skin,                                                                  ^H 

inllariimiUon  of,  345 

Soft  ptale,  121                                                  ^H 
Spwinlixed  epithelium  *6                                ^| 

nerire  liUmenM  of,  130 

Spermnlugenexia,  174                                        ^ 

Spermamima,  18] 

of,  I -JO 

SpUeroidal-cellnl  cunmr,  302 

Spinal  cord,  214 

SpiiMl  cord,  iMmwrluse  of,  429 

Sablins>ulgtaD(l,lSl 

mrre  cello  of,  S1& 

S^f^''" 

l^ilTol""-'" 

Supnmnul  glanda.     8m  Adniul 

blood  veneb  of.  106 

RlMida. 

tanaian  of,  lOS 

Susp«Dwi7  UguMot,  228 

general  Mmctara,  104 

Snneulacukr  tliHW,  67 

8wut■KlaIld^  164 

BUBlentacuUr  fraoieirork  of,  105 

HploDk  palp,  105 

et-" 

Sjphilis,  287 
of  bnin.  428 

G£uamou»«elled  cuicer,  308 

of  intwtbes,  391 

epilheliuu>,  43 

of  kidncT^  413 

SUiii»,  Mid,  il 

of  larynx,  333 

basic,  M 

of  liv«r,  899 

neutral,  26 

of  luoga,  366 

Stomach,  12B 

bioodTeraela  of,  128 
dlMues  of,  366 

of  moutb,  360 

of  nose,  332 

gaalritiR,  368 

T. 

acute  toxic,  367 

chronic,  368 

Tsctile  cells,  221 

purulent,  367 

Taste-buds,  119 

-terminals,  224 

Technique,  dveis  20 

tumors,  37 0 

general,  'il 

uU-ers,  371 

nuclear,  20 

l^'mphatic  vessels  of,  128 

mucowof,  126 

section^  20 

Teeth,  112 

muscular  coat,  12t) 

crusts  petrosa,  114 

peptic  or  Ciirdiac  gland*,  126 

dentine,  114 

pyloric  8l..n<i8,  127 

development  of,  Ha 
enuinef  of,  113 

subepithelial  connectiTe  tissue  of, 

general  structure  of,  112 

TitSSSJS 

walls  of,  126 

Tendons,  1S8 

eplxhoua,  369 

Teratnnia,  307 

catarrhal,  359 

Terminal  bronchioles,  148 

croupous.  359 

Testicle,  172 

gangrenous,  360 

pseiiJomenibranouH,  3-59 

Bustenloculsr  connectire  tissue  of. 

ulcerous,  35U 

173 

Stratum  corfleum,  163 

Thoracic  duel,  85 

Tbrombosis,  !i70 

lucidum,  153 

of  bruD,  424 

Halpighii,  162 

T 
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Thrombosis,  cause  of,  271 
Thrush,  3(H) 
Thymus  gland,  88 
Thyroid  gland,  107 

bloodvessels  of,  107 
functions  of,  108 
lymphatics  of,  108 
sustentacular  connective  tissue  of, 
107 
TiaBues,  20,  22,  42 
adenoid,  85 
adipose,  iVl 
areolar,  50 
classes  of,  42 
connective  tissue,  47 
endotheliuti),  42,  46 
epithelium,  42 
free  cells  and  body  fluid,  64 
muscles.  60 
nerve-,  64 
connective,  varieties  of,  49 
adipose,  52 
areolar,  50 
bone,  56 
cartilage,  52 
membrane:*,  51 
basement,  52 
distant,  51 
mucous,  \\) 
ret  i  form,  52 
white  tihroas,  51 
yellow  ela-^tic,  51 
elements  of,  21 
erectile,  81 
fatty,  52 
lymphoid,  85 
mucous,  49 
nerve-,  64 
retiform,  52 
adenoid,  52 
lymphoid,  52 
sustentacular,  87 
white  fibrous,  51 
yellow  elastic,  51 
Tongue,  116 
general  structure  of,  116 
glands  of,  117 
mucouA,  117 
Herons,  117 
lymphoid  tissue  of,  117 
mucous  inenihranc  of,  116 
epithelial  covering,  116 


Tongue,  mucous  membrane,  submu- 
cosa,  116 
tunica  propria,  116 

muscular  Mibstance  of,  116 

papilla*  of,  117 
circum  vallate,  118 
filiform,  118 
foliate,  lit) 
fungiform,  118 
Tonsillitis,  363 
Tonsils,  90,  122 

crypts  of,  122 

lymphoid  cells  of,  122 

nuicons  glands  of,  122 
Trachea,  144 

mucous  memhnine  of,  144 
Transitional  epithelium,  44 

leukocytes,  99 
Tuberculosis,  264 

of  bladder,  417 

of  brain,  427 

caseation.  266 

fibroid  transformation,  266 

giant -cell,  2(i() 

histological  tul>ercle,  264 

of  intestines,  390 

of  kidneys,  413 

of  larvnx,  3.33 

of  livi-r,  399 

of  luntjs,  ;{47 

acute  niiliarv.  349 

of  nicninjjes,   I2ii 

of  niontii,  3t>0 

of  |>eriloneiini,  -ln2 
Tubular  ^land^,  compound,  70 

simple.  70 
Tumors,  2S(; 

of  bhidder,  417 

of  brain.  428 

cla««si  Heat  ion  of  287 
histological,  288 

of  cord,  440 

defmition  of,  2.s6 

etiology  of,  28t) 

of  intestines,  392 

of  ki<lnevs,  41 1 

of  liver, *399 

of  linigs  '^^ti 

of  menin^e*^,   124 

of  ni<»uth,  3(;() 

of  stomach,  375 

of  urethra,  419 
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Tunica  adventitia,  78,  79 

intima,  77,  79 

media,  77,  79 
Typhoid  fever,  386 
Tyson,  glands  of,  180 

U. 

Ulcer  of  stomach,  371 
Umbilical  cord,  193 

vesicle,  191 
Ureter,  108 

coatji  of,  168 
fibrous,  168 
mucous,  168 
muscular,  168 
Urethra,  169 

female,  169 

inflammation  of,  418 

male,  170 

muscular  coat  of,  170 

stricture  of,  419 

tumors  of,  419 
Urethritis,  acute,  418 

chronic,  41 K 
Urinary  bladder,  416 

organs,  158 
diseases  of,  403 
Urine,  171 

secretion  of,  1(57 
Uriniferous  tubule,  162 

neck  of,  104 
Uterine  glands,  188 
Uterus,  187 

cervix  of,  189 

mucous  membrane  of,  187 

muscular  coat  of,  188 
Utricle,  '2:ob 


V. 
Vagina,  193 
Varix,  331 
Vas  deferens,  177 
Vasa  efferentia,  175 
V^ascular  emphysema,  336 

sinuses,  80 
Veins,  79 

valves,  79 
tunica  adventitia,  79 
intima,  79 
media,  79 
Venous  sinuses,  79 
Ventricles  of  brain,  213 
Vessel  walls,  incr^sised  penueability 

of,  251 
Vestibule  of  ear,  235 
Villi,  129,  192 

function  of,  130 
Vitreous  body,  230 
Volvulus,  380 
Vulva,  194 

W. 

Wagner,  tactile  corpuscles  of,  221 
Wandering  cells,  49,  64 
Watney's  node.«,  130 
Waxv  ciusts,  407 

degeneration,  277 
White  fibres,  49 

Hbro-cartilage,  54 

fibrous  tissue,  51 

Y. 

Yellow  elastic  cartilage,  55 
fibres,  49 
tissue,  51 
marrow,  58 
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language  —Annali  oj  Surgery.  without  a  copy  thronghoul  his  pr*. 

Particular  stmts  is  laid  uuon  the  fessional  career.— /*i((i6ur;  Mtdical 
practical  side  of  anatomical   leach- 1  Reeieie. 

ORAT  (L.ANDON  OAATERl.  A  TREATISE  ON  NEEV0U8  AND 

MENTAL  DISEASES.    Pur  Students  and  Practitioners  of  Hedieina. 

New  |2d)  edition.   In  one  handsome  octavo  volume  of  718  pages,  wltb 

172  engravings  and  3  eolored  plates.     Cloth,  (4.75;    leather,  $6.76. 

.Kn    ap-to-dale   tt'it-book     upon    disease*  are  accurate  and  the  symp- 

nervouB  and  mental  diseases  ooiu-    (oms  and  diOerential  diagnosis  are 

bined.      A   well-written,    terse,   ex-    set  before  the  student  in  such  a  way 

pUcit,   and    authoritative    volume   as  to  be  readily  coroprcbended.  The 

treating  of  both  subjects  is  a  step  In    author's  long  experience  render*  his 

the  direction  of  popular  demand.—    viewt  on  therapeulica  of  great  value. 

Tht  Chicago  Clinical  Rtrieie.  ~  Tkt  Jovnuttof  N«rB9u»  and  ifsn- 

Tbe  descriptions  of  the  various  '  tal  Diteate 
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GREEN  (T.  HENRT).  AN  INTRODUCTION  TO  PATHOLOGY 
AND  MORBID  ANATOMY.  New  (8th)  American  firom  the  eighth 
London  edition.  In  one  handsome  octavo  volume  of  582  pagee»  with 
216  engravings  and  a  colored  plate.    Cloth,  $2.50,  net,    JuM  ready. 


as  to  give  to  each  detail  of  text 
sufficient  explanation.  The  woriL  is 
an  essential  to  the  practitioner — 
whether  as  snrgeon  or  phTsician.  It 
is  Uie  best  of  np-to-date  text-books. 
-'Virginia  Med.  MonMy, 


A  work  that  is  the  text-book  of 

Srobably  four-fifths  of  all  the  stu- 
ents  of  pathology  in  the  United 
States  and  Qreat  Britain. — The 
American  Practitioner  and  New$. 

It  is  fullj  up-to-date  in  the  record 
of  fact,  and  so  profusely  illustrated 

GREENE  (WDLUAM  H.).  A  MANUAL  OF  MEDICAL  CHEM- 
ISTRY. For  the  Use  of  Students.  Based  upon  BowMAN'8  Medical 
Chemistry.    In  one  12mo.  vol.  of  310  pages,  with  74  illus.  Cloth,  $1.75. 

GROSS  (SAMUEL  D.).  A  PRACTICAL  TREATISE  ON  THE  DIS- 
EASES, INJURIES  AND  MALFORMATIONS  OF  THE  URINARY 
BLADDER,  THE  PROSTATE  GLAND  AND  THE  URETHRA. 
Third  edition.   Octavo,  674  pages,  with  170  illustrations   Cloth,  $4.50. 

GRINDON  (JOSEPH).  A  POCKET  TEXT-BOOK  OF  SKIN 
DISEASES.  In  one  handsome  12mo.  volume  of  350  paees,  with 
many  illustrations.  Shortly.  Lea's  Series  of  Pocket  Tezt-OoohSf  edited 
by  Bern  B.  Gallaudet,  M.  D.    See  page  18. 

HABERSHON  (S.  O.).    ON  THE  DISEASES  OF  THE  ABDOMEN 

Second  American  from  the  third  English  edition.     In  one  octavo  vol- 
ume of  554  pages,  with  11  engravings.    Cloth,  $3.50. 

HALL  (WLNFIELD  S.).  TEXT-BOOK  OF  PHYSIOLOGY.  Octavo 
ot'<>72  pages,  with  .*i43  eiigravinj^'s,  and  6  full  page  colored  plates.  Jtist 
rt;ady.     (^loth,  $4.00  ;   leather,  $r).(K),  uH, 

HAMILTON  (ALLAN  MCLANE).  NERVOUS  DISEASES.  THEIR 
DESCRIPTION  AND  TREATMENT.  Second  and  revised  edition. 
In  one  octavo  volume  of  598  pages,  with  72  engravings.    Cloth,  $4. 

HARD  AW  AY  (W.  A.).  MANUAL  OF  SKIN  DISEASES.  New  (2d) 
edition.  In  one  12mo.  volume  of  560  pages,  with  40  illustrations  ana 
2  plates.    Cloth,  $2.2.'),  net.    Just  irady. 

The  best  of  all  the  .«»raall  books  to  '  day  clinictil  experience.  His  great 
recommend  to  students  and  practi-  strength  is  in  diagnosis,  descriptions 
tioners.  Probably  no  one  of  our  '  of  lesions  and  especiallv  in  treat- 
dermatologists  has  had  a  wider  every-  '  ment. — Indiana  Medical  Journal. 

HARK  (HOBART  AMORY).  PRACTICAL  DIAGNOSIS.  THE 
USE  OF  SYMITOMS  IN  THE  DIAGNOSIS  OF  DISEASE.  New 
(4th)  edition.  In  one  octavo  volume  of  623  pages,  with  205  engravings 
and  14  full-page  colored  plates.    Cloth,  $,3.00,  net.    Just  ready. 

It  is  unique  in  many  respects,  and  he  will    become  a  better  diagnoeti- 

the  author  has    introduced  radical  cian.    This  is  a  companion  to  Prac- 

changes  which  will  be  welcomed  bv  tical    Therapeutic,    bv    the    same 

all.     Anyone  who  reads  this  book  author,  and  it  is  difficult  to  conceive 

will  become  a  more  acute  observer,  of  any  two  works  of  greater  practical 

will  pay  more  attention  to  the  simple  utility. — Medical  Review. 
yet  maicative  signs  of  disease,  and 
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HARE  (HOBART  AMORY].  A  TEXT-BOOK  OF  PRACTICAL 
THERAPEl'TICS,  with  Special  Refererioe  to  the  Apjili'^'i"''  "'  Reme- 
dial Measures  to  Disi«se  and  tlieir  Employmeat  upon  a  Rational 
Bwis.  With  article!  on  variouB  mbjecta  b;  well-fcnown  apedaliati. 
New  (Ttli)  and  nriaed  edition.  In  one  octavo  Tolome  of  776  pagca. 
Cloth,  »3.76,  nrf ;  leather,  W.60,  nrt, 

[to  claaii  Seal  ions  are  inimilable,  ;  it  can  be  readily  uied  in  onnneetion 
and  the  readineaa  «)th  which  any-  i  with  nare'a  Praeiieal  IKagnota. 
thiD|;can  be  found  ii  the  mogt  won- '  For  the  needs  of  the  Xadeat  aid 
dcrful  achievpraent  of  the  art  of  in-  i^eneral  practitinuer  ll  has  no  equal. 
dt'iiii^.  Thii  edition  takea  in  all  —Mtdi(al  Sentfnul. 
the  lat<»t  diKovered  remediee.—  The  beet  planuvd  thempeutlo  work 
The  St.  Limit  Cliniqtie.  I  of    the    wntnrjr.— JiMnnrn    Prae- 

The  great  value  of  the  work  lies  I  (rd'ooer  and  JWir». 
iu  the  tkct  that  precise  indications '  It  is  a  book  preciaclf  adapted  to 
Ibr  adtninislration  ore  ^veii.  A  ,  (he  needs  of  the  husv  pnctitiooer, 
eomplete  index  of  diseanee  and  who  can  rely  upon  finding  exaotl* 
remedies  make!  it  an  easy  rpfereiice  what  he  needs.—  The  Katiimal  UfA- 
work.    It  hiu  been  arranged  so  tliat  icil  Revimt, 

HARE  (HOBART  AIUORVi  ON  THE  MEDICAL  COMPLICA- 
TIONS AND  BEgrEL.E  OF  TVPnOID  FEVER.  Octavo,  278 
pa(!«a,  21  engravings  and  two  full-page  plates.    Jutt  read!/.    Cloth, 

«2.io.  «n. 
A  ver}!  Taluabte  produi^tion.   One    read  with  great  profit. — CUptlaitd 
of  Ihe   very    heat    products  of    Dr.    Jmirmi!  ■>/ Jfedit-in'. 
H»Tv  and  one  ihut  every  man  can 

HARE  IHOBART  AHORV.  EDITOR).    A  SYSTEM  OF  PRAC- 
TICAL THERAPEUTICS.     In  a  series  of  conlrihutioni  by  eminent 
praditioiiera.    In  four  large  uotato  volumes  eomprising  about  <I600 
pages, wilfa  about  ,^60  engntvings.  Vol.  IV.,  Jtut  rendy.  For  laU  by  tui- 
teriptiim  only.    Full  prospectna  free  on  application  to  the  Publishers. 
Regular   price.  Vol.  IV.,  cloth,   $6 :    leather,  *; ;   half  Russia.  |S. 
Price  Vol.  IV.  lo  former  or  new  subscribers  to  complete  work,  cloth, 
tfi  ;  livther,  W ;  half  Russia,  $7.  Complete  work,  cloth,  $20 ;  leather, 
•24;  halfRuaaia,  |I«. 
The  great  value  of  Hare's  Sytem  of  Praetieat  7%erapetitia  has  led  In  a 
widespread  demand  fur  a  new  volume  to  represent  advances  in  treatment 
made  slnoe  the  pnblienlion  of  the  Grst  three.     More  than  fullilling  this 
request  the  Editor  has  secured  conlributiuns  from  practically  a  new  corps 
of  equally  eminent  ouihoia,  so  that  entirely  fresh  and  original  matter  is 
coaun-d.    The  plan  of  the  work,  which  proved  so  auc«e»sfiil.  has  been  fol- 
lowed in  this  new  volume,  whioh  will  be  found  to  present  the  latest  devel- 
opmants  and  applieaUons  of  this  most  ptaotioal  branch  of  the  medieaJ  art. 
The  entire  Syit»m  ii  an  nnriralled  encyolopBdia  on  the  praclkal  parts  of 
medioine.  and  merits  tha  great  snocess  it  has  won  for.thal  reason. 
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HERRIOK  (JAJCB8  B.)-    A   HANDBOOK  OF  DIAQNOSIS.    Id 

one  bsndoome  ISmo.  volume  of  Vi9  pages,  with  80  eogravingi  >ni]  2 

oolored  platM.     Cloth,  tS.60. 

Eicellenttf    arnui^,    praotieal.  >  miorcwwpic*!  eiBmiDatioii  tn  be  em- 

eoDciie,  up-to-dati-,  and  eminenlJy  I  ployed  in  eaoh  clau.  The  lecliniqup 

well  Surd  Tor  the  tin  of  the  prac' '  of  hloodeiaDiiiuitiou.ineltKJiiigcolor 

titioner  u  well  u  of  the  etudcDl. —  |  ana  If  sis,    ii    verj    clearl;   slnlfd. 

Chieago  ited,  Rtcorder,  i  UranalyBia  recsiTMi  adequate  Bpnce 

Thii  volume  accompliahe*  ik  ob-  [  andcare. — New  York  Mtd.  JoiimuL 

the 


jfola  more  thoroaj^hlv  and  com- i  We  oommend  the  book  not  only  tn 
pleteljr  than  an*  similar  work  jet  i  the  underijraduate,  but  also  to  Ih( 

Subtuhed.  E^h  lection  devoted  to  phyaioian  whodeaireaa  ready  me&Di 
iKtuea  iif  apecinl  Bystems  ia  pre- :  of  rpfreihing  bii  knowledge  of  diag- 
oeded  with  an  eipoiitiou  of  the  aosiain  (heezigeneiesofprofeuional 
mvthodfl  of  phvsioni,  chcmieftl  and   h{e.^3ltrnp/iit  Mtdieal  Monl/ily. 


HlIililER  iTHOMASl.  A  HANDBOOK  OF  SKIN  DlBEASEa. 
Second  edition.  In  one  royal  12mo.  volume  of  353  pagea,  with  two 
plates.    Cloth.  $2.25. 

HIRST  (BARTON  C.)  AND  PIERSOL  (OEOROB  A.).  HUMAN 

UONSTROS1T1E3,  Magnifioent  folio,  oantaininE  220  papea  of  text 
and  illustrated  with  123  engravings  and  39  large  plioIogrBphie  platea 
frcim  nature.  In  four  parts,  price  each,  $5,  Liniled  flition.  ForiaU 
t^  ttihtcriplitni  only. 

HOBLVN  iRICHARD  D.f.  A  DICTIONARY  OF  THE  TERMS 
USED  IN  MEDICINE  AND  THE  COLLATERAL  SCIENCES. 
Id  one  ]2mo.  volume  of  .120  doable-columned  pages.  Cloth,  tI.GO ; 
leather,  (2. 

HODOE  (HUGH  U).  ON  DISEASES  PECULIAR  TO  WOMEN, 
INCLUDING  DISPLACEMENTS  OF  THE  UTEKU8.  Secondftnd 
revisnt  editioD.     In  one  8va.  vol.  of  510  pp.,  with  illiu.     Cloth,  $4.50 

HOFFMANN  (FREDERICK  I  AND  POWBR  ( PRBDBRICK  B.  I. 

A  MANUAL  OF  CHEMICAL  ANALYSLS.  aa  Applied  to  the 
Examination  of  Medicinal  CheniicalA  and  their  Preparations.  Third 
edition,  entirely  rewritten  and  mueh  enlarged.  In  one  handsome  ootaro 
votame  of  621  ps^ies.  with  179  eugravingi.     Cloth,  (4.26. 

HOLiBfES  (TtMOTHTl.  A  TREATISE  OS  SURGERY,  Ita  Prin- 
ciplta  and  Practice.  A  new  American  from  the  Sflh  English  edition. 
Edited  by  T.PiCKBBiNd  Pick,  F.R.C.S.  In  one  handsome  oeUvn  tol- 
nme  of  lOOSJpagea,  with  428  engravings.     Cloth,  tfi;  leather,  17. 

A  SYSTEM  OF  SURGERY.  With  noloi  and  additions  by  various 

American  aatfaot*.  Edited  by  Joun  H.  Packard,  M.D.  Id  three 
Ten  haodaonie  8to.  lolunie*  oootaining  3137  double-oolumnud  pagca. 
Willi  979  eDgrarinn  and  13  lithosmphia  plates.  Per  volume,  ololb,  $fl  ; 
lemther,  (7:  half  Itiuna.  |7JiO.     for  t^u    ' 
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JEWETT  (CHARLES).  ESSENTIALS  OF  OBSTETRICS.    In  one 

I2Dia.  volume  of  .156  pagrs,  with  HO  en^Tnrin^  and  3  colored  plata. 

Cloth,  (3  36.     Jujt  rta-li/. 

Ao  tioeedinglv  useful  manual  for  '  ing  it  in  attractive  and  eatilT  tnogi- 

■tuilenl  and  practitioner.    The  au-   ble  form.    The  book  ii  well  illui- 

thor  haa  lucceedMl  unusually  irell  ,  tralt'd  throughout. — IfaihmlU  Joiir, 

in  condenaingthe  text  and  in  arrang-  '  of  Medicine  ajid  Surgery, 

THE  PRACTICE  OF  OBSTETRICS.    By   American    Authora. 

One  laree  octavn  volume  of  763  pages,  with  441  en^fravinfca  in  black 

and   colora,  and    2!  liill-page  colored   plates,    JkH   reiis,    Clotb, 

(6.00,  net ;  leather,  $6.00,  net. 

Aclearandpraetiealtreatiseapon  I  the  book    atraunds.     The  work  i< 

ohil*lric«  hy  wi'll-known  teachem  of' sure  lo  be  popular    with    medical 

the  Bubject,     A  cpi'clal    feature  of  students,  as  well  as  beingof  extreme 

thi!i  work  WDuld    aeem    to    be   the  |  value   to     the    practitioner.  —  ^Ae 

eiocllenl  illiulnktlonB    with    which    )ffdieat  Age. 

JONE8    (O.   HANDPIKLD).      CLINICAL   OBSERVATIONS   ON 
FDNCTIONAL  NERVOUS  DISORDERS.    Second   An     ' 
tion.     Id  one  octavo  volume  ol  340  paget.     Cloth,  $3.2.5. 


Jaeger  and    Snellen,  and    ITolmgren'a 
t6,IiO;  leather,  16.60. 
The  volume  iiparticniarlyriob  in  :  color  blindneu,  etc.    The   lecliona 
matter  of  practical  value,  nuch   ai '  devoted  lo  treatment  are  ainguUrly 
j-_._.! —    J.       diagnosing,    uie    of   fiill  and  CoDclne. — Medical  Agt. 


i  nut  rumen  In,  I 


1,  for 


From  first  to  fluiah  it  is  thoroughly  cyclopedias.       The     well-arranged 

practical,  mnciae  in  expression,  veil  indei    renden  the    book   useftil  to 

lltustralra,  and  Includes  a  atatemeat  the  practitioner  who  is  in  haste  to 

of  nearly  everv  fact  of  importance  refresh    his    memory.  —   Virginia 

discossfd    in    obsU'lrio    treatises  or  SltHenl  Semi-Mimthli/. 

KDtK  lEDWARD    C).     OPERATIVE  DENTISTRY.     Handsome 

octavo  of  700  pages,  with  761  iltualrations.   JiMrtady,    See^nwn'ean 
Ttxl-Bookt  of  Jjenlilrf.jmeeS. 
We  have  only  the  hiEheil  praise    tempted.      We  oati  heartily  reeom- 
for  Ihii  valuable  work.    It  is  replete  ,  mend    it    to    the    profession.— ^Ar 
in  every   particular,  and  surpaiweii  :  oAr'n  llr-nlal  Jounuil. 
anything  of  the  kind  hervtofare  at-  I 

KI.BIN  iE.].    ELEMENTS  OF  HISTOLOGY.     New  fSth)  edition.   In 

one  12mo.  volume  of  SOfi  pages,  with  it<6  eBgrkviaga.    Jii$t  rtady. 

Cloth.  (2.00,  net.     See  AiufcnC*  Striet  of  .Vanuo/t,  page  27. 

It  in  the  most   complete  and  con-        This  work  deservedly  occupies  a 

cise  work  of  the  kind   that   has   yet    first   place   as   a   te(t-&ook  on    liis- 

emanated  from  tlie  press.— TAi  .HM-    lology.— ChnadioB  Prattitianfr. 


^ 


iMi.  BBOISZH  ft  OO.,  PSTLADRLPHti  An  NBW  TOBE.      l9 

IjIkbs  (stlvan  h.).  a  pocket  text-book  of  genito- 
urinary   AND  VENEREAL  DISEASES.     In  one  hnodMide 

l2mo.  volamc  of  ubont  ^'lO  pa^,  with  maoy  iHuatnitlnDB.  S/uirlly, 
f^.a'i  Seriri  of  Pocket  T'J-i-hoolct,  adited  bj  BERN  B.  Gallatidbt, 
M.  D.    Sw  ptitie  18. 

IjOOMIB     (ALFRED    Ii.)   AND  THOMPSON    (W.   OIIiHAN, 

BDITORS).      A  SYSTEM   OF    PRACTICAL   MEDICINE.      In 

Oantributionn  by  Vsrioun  Amerioan  Authors.  In  four  tctt  bsiic]- 
■OTue  octavo  vnluniM  of  kboiil  900  psgee  eaah,  fullf  illnslrated  in 
in  black  &nd  colore.  C"»^pltl'.  icork  noic  Tcndy.  Per  Tolumv,  oloth, 
$6;  lettbcr,  $6;  h«lf  Morocco.  $7.  For  tate  by  nbieriplian  »n(ff. 
P'oll  proipectiu  free  on  ipplicutioo  lo  ttip  Pubtuhem.  Bee  Ameriean 
Si^tttm  of  Prattieal  Medicine,  puge  2. 

liUFP  (ARTHUR  P.).  MANUAL  OF  CHEMISTRY,  tor  the  me  of 
atuienW  of  Mcdicinp.  In  one  llmo.  volume  nf  882  p»ge«,  with  30 
engraving*.    Cloth,  $2.    See  Aiutent'i  Strie*  of  MatitutU,  [Age  27. 

LTHAN  (HKNRY  H.).  THE  PRACTICE  OF  MEDICINEL  la  one 
TtTj  handiome  nalATa  volnnie  nf  93S  plige*,  "Ith  170  engravinfe. 
Cloth,  M.TS;  leather,  tG.7G. 

Complete,  ounciae,  full;  abreut  of ,  Praotic&l,  nf  tiematie,  complete  and 
the  lime*  and  needed  bv  oil  ntudenU  veil  balanced.— (^ if a^o  aled.  JU- 
knd  praotitiooera. —  ttiio.  Mid.  Mag.    carder. 

An  ex oeedinnrlj  valuable tezl-book. 


MACKENZIE  (JOHN  NOI.ANDj.  ON  TOE  NOSE  AND  THROAT. 
IlandBonie  octavo,  about  61X1  page*,  rieht*  il1iiatrat«d.     Preparing. 

MAI80H  (JOHN  M.).  A  MANUAL  OF  ORGANIC  MATERIA 
MEDICA.  New  ITthl  edition,  tboronghlv  rrviaed  bj  H.  C.  C.  UaISCH, 
Wi.O..  Ph.D.   In  oneTerjthandmnnellmo.  volume  of  613  pagea,  with 

285  engraving*.    Jtut  rnuty.     Cloth,  $2.50,  ntt. 

U«ed  M  (eil-book  in  everj'  college  j  in  America.  The  work  haa  no  equal, 
of  phsmiaej  in  the  United  fftalea   — yimtinion  Jfni  JfonfUjr. 
and  recommended   in   medical  ool-       The   beat  b&ndbook    lipon  phai^ 
Wsnt.—Anierican  Thernpul.  ma«ogno*7  of  any  publiiheJ  in  thia 

NnieH  on  both  -Id-"  nf  (he  AllnnKo  I  OOOaWj .—BoeUm  Med.  A  Stir.Jvnr. 
and  esteemed  ua  much  in  Gerruanv  as 


90    Lea  Bbcrbkbi  &  Co.,  Philadklphia  aitd  Nnr  Toik. 

HAIABARX'  (OEM>ROK  E.).  A  POCKET  TEXT-BOOK  OF 
THEORY  AND  PEACTICE  OF  MEDICINE.  In  one  handioiiia 
12mo.  Tolame  of  405  pagea,  with  45  illustntioni.  JuH  ready..  Cloth, 
$1.76,  n«,'  flexible  red  leather,  $2.36,  n«c.  Lea't  Serla  of  Pocket 
Text-books,  edited   by  BBHjr  B.  GAiiAUDBr,  It.  D.    See  pige  18, 


HARSH  (HOWARD).  DISEASES  OF  THE  JOINTS.  In  <me  ISmo. 

voiume  of  WSpages,  with  64  engr»Tiiigiai  ' 
See  SerUt  of  Utinicai  JfonuaZi,  page  §6. 


le  of  468  paKea,  with  64  engrsTinnuMlftooIared plate.  Cloth.tS. 


TEXT-BOOK  OF  CHEMISTKY  AND  PHYSICS, 
some  12mo.  volume  of  about  S50  pages,  with  many  illnstratioDi. 
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MEDICAL  NEWS  POCKBT  FOBMULART.  Bee  page  S2. 

MITOHELL  (8.  WEIR).     CLINICAL  LESSONS  ON  NERVODS 
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handsome  12mo,  volume  of  239  pages, with  12  illustntioni.  Qoth,  $1.75. 
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^ui.~Tht  MecUcai  Smn.  Occupies  the  foreniD*t  place  ae  a 

From  Iti  pagea  may  be  made  ibe   thorough,  systematic  treauae.—OAw 
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with  only  by  the  apecialiat. — Korlh-    the  student,  general  prac" 
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BOOK OF  HISTOLOGY  AND  PATHOLOGY.  In  one  handsome 
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road,  clear  and  scientific,  whUe  the  .  tain  iVtuliltoner. 
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Id  one  ISmo,  volume  of  MO  pajfen,  with  83  engravings.      Cloth,  |2. 
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Student's  Series  of  Man\uUSy  page  27. 
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Latin  Eieroisen.  Cloth,  60  cU.  Hcboiidt'a  Klemeotarr  Lultn  Exer- 
cises. Cloth,  50  oeata.  Salluit.  Ooth,  60  cenU.  Ntpoa.  aoth,  SO 
oeali.     Virgil.     Cluth,  S5  cents.     Curtius.     Clotb.SO  oeiiM. 

■OHOFIEIiD  (ALFRED  T.).  ELEMENTARY  PHYSIOLOGY 
FOR  STUDENTS.  In  one  13aio.  volume  of  380  pages,  with  227 
engravings  and  2  colored  plalea.    Cloth,  (2. 

SOHREIBBR  (JOSEPH).  A  MANUAL  OF  TREATMENT  BY 
UA3SA0E  AND  METHODICAL  MUSCLE  EXERCISE,  Octavo 
volume  of  274  pages,  with  117  engraving!. 

8BNN  (NICHOLAS).  SURQICAL  BACTERIOLOGY.  Seoood  edi- 
tion. In  one  oeUvu  volume  of  26S  P^S"'  "''^  ^^  pUlea,  10  of  whi^ 
■j«  colored,  and  9  engrsvings.     Clulh,  %1, 
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luccew.  It isavery complete, anihen. '  —Mrdieal  fttrord. 

tie  anil  useful  manual  of  ibe  micro-       The  chapter  on    examination  of 

•onpicil    and     chrmieal    methods   the  urine  is  the  most  complete  and 

which   are  employed   in   diagnosis,  i  advanced  Ihat   we  know  of  in    Ihe 

Very  excellent  colored  pUtee  illus- 1  Engliab  language. —  OanadiaH  Prae- 

toate  thii  work.— JVrv  York  MnUtat  i  JtftoiMr. 
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SIMON  (W.).    MANUAL  OF  CHEMISTRY.    A  Qnide  to 

and  Laboratorj  Work  for  BennnerB  in  ChemistiT.  A  Text-book 
■peeially  adapted  for  Students  of  Pharmacy  and  Medieine.  New  (6di) 
edition.  In  one  Syo.  yolame  of  536  pages,  with  46  engrayings  and  8 
plates  showing  colors  of  64  tests.    Cloth,  $3.00,  net.    JuH  ready. 


It  is  difficult  to  see  how  a  better 
book  could  be  constructed.  No  man 
who  devotes  himself  to  the  practice 
of  medicine  need  know  more  about 
ohemistry  than  is  contained  between 


the  ooyers  of  this  book. — The  Jforih- 
fPttUm  Lancet. 

Its  statements  are  aU  olear  and  its 
teachings  are  practical. —  Virginia 
Med,  monthly. 


SliADE  (D.  D.).  DIPHTHERIA;  ITS  NATURE  AND  TREAT- 
MENT. Second  edition.  In  one  royal  12mo.  vol.,  158  pp.  Cloth,  $1.26. 

SMITH  (EDWARD).  CONSUMPTION;  ITS  EARLY  AND  REME- 
DIABLE STAGES.    In  one  8yo.  yolame  of  253  pp.    Cloth,  $2.25. 

SMITH  (J.  liBWIS).  A  TREATISE  ON  THE  DISEASES  OF  IN- 
FANCY AND  CHILDHOOD.  Eighth  edition,  thoroughly  leyiaed 
and  rewritten  and  much  enlarged,  m  one  large  8yo.  yoTume  of  983 
pages,  with  273  engrayings  and  4  full-page  plates.  Cloth,  $4.50; 
leather,  $5.50. 


^  A  safe  guide  for  students  and  phy- 
sicians.—  The  Am.  Jour,  of  Obstetrics, 
For  years  the  leading  text-book  on 
children's    diseases  in    America. — 
Chicago  Medical  Rf carder. 


The  most  complete  and  satisfac- 
tory text-book  with  which  we  are 
acquainted.— ^fiim(»n  Gynecologi- 
cal and  Obstetrical  Journal. 


SMITH  (STEPHEN).  OPERATIVE  SURGERY.  Second  and  thor- 
oughly  revised  edition.  In  one  octavo  volume  of  892  pages,  with 
1005  engravings.    Cloth,  $4  ;  leather,  $5. 


One  of  the  most  satisfactory  works 
on  modern  operative  surgery  yet 
published.    Tne  book  is  a  compen- 


dium for  the  modern  surgeon. — Bos- 
ton Medical  and  Surgical  Journal. 


SOLLY  (S.  EDWIN).  A  HANDBOOK  OF  MEDICAL  CLIMA- 
TOLOGY. In  one  handsome  octavo  volume  of  462  pages,  with  en- 
gravings and  11  full-page  plates,  5  of  which  are  in  colors.  Cloth,  $4.00. 
Just  ready. 


A  clear  and  lucid  summary  of 
what  if»  known  of  climate  in  relation 
to  its  influeDce  upon  human  beings. 
— The  Therapeutic  Gazette. 

The  book  is  admirably  planned, 


an  accurate  observer  and  practical 
therapeutist. — Maryland  Med.  Jour. 
Every  practitioner  of  medicine 
should  possess  himself  of  a  copy  and 
study  it,  and  we  are  sure  he  will 


clearly  written,and  the  author  speaks  !  never  regret  it. — St.  Louis  Medical 
from  an  experience  of  thirty  years  as    and  Surgical  Journal. 

STILLE  (ALFRED).  CHOLERA;  ITS  ORIGIN,  HISTORY.  CAUS- 
ATION. SYMPTOMS,  LESIONS,  PREVENTION  AND  TREAT- 
MENT. Id  one  12mo.  volume  of  163  pages,  with  a  chart  showing 
routes  of  previous  epidemics.    Cloth,  $1.25. 


—  THERAPEUTICS  AND  MATERIA  MEDICA.  Fourth  and 
revised  edition.  In  two  octavo  volumes,  containing  1936  pftges. 
aoth.  $10;  leather.  $12. 
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lOHAS.  JR.).  THE  NATIONAL  DIBPENBATOEYi  Contoining 
tbe  Natural  Hiilorj,  ChcmUtry,  Phsrmuiy,  Aclioo)  and  Ub«  of 
Medicine*.  iacIudioE  thane  recogDiifd  in  the  lateat  Pharmacopteiaa  of 
Uia  United  StAteii,  Great  Britain  Had  Oermany,  with  numeruus  refer- 
enoa  to  the  French  Codei.  Fifth  edition,  rcTiiicd  and  enlarged, 
including  tbe  new  U.  S.  PhanDacopraia,  Seventh  Decennial  Revision. 
With  Supplement  cnnlaining  the  new  edition  of  the  National  Fonuu- 
' —     '        ~   aagnifioent  imperial  oolavovolumeof  about  2025  pages. 


8TIHSON  lliBWIS  A.).    A  MANUAL  OF  OFEEATIVE  8UBGEBY. 

Nen  (M)  I'ditioa.     In  one  royal  13nio.  volume  of  614  pages,  wilh  306 
engravingi.    Cloth,  $3.76. 
A  useful  and  practical  guide  for       Tbe  book  is  worth  the  price  for  the 
all  itudents  tind  practitioncr«.~^m. '  illuBtrationH    alonc^oAVo   Mtdieal 
Journal  nf  the  JMical  Seieneei.  Jotimal. 

STDHSON  (LEWIS  A.].  A  TREATISE  ON  FKACTUEEH  AND 
DISLOCATIONS.  In  oue  handsome  octavo  volume  of  831  pMea, 
with  326  enfeTaTingi  nod  211  ptatea.  Cloth,  $B.0(),  nrt;  leather, 
*tf.OO,  Ml. 


Preeminenlly   the   authoritative       Taken  as  a  whole,  the  work  is  the 

'"     ipoQ  the   subject.      The    beat  one    in    English      bvdaj. — St. 

•noe  of  the  author  gives    LiiuU  Mtdieal  and  Surgirat  Joarnal. 


text-book  upon  the   subject.      The    beat  one    in    English      bvdaj. — St. 

-'  the  author  gives    LiiuU  Mtdieal  and  Surgirat  Joarni  ' 

m  nn impeachable       Pointed,  practical,  oomprehensii 


Talue.    The  work   is  pmnisvly   il-  uhauativc,  authoritative,  well  writ- 

Instraled.    It  will  he  found  India-  lea    and    well    arranged. — Deiirer 

penaabli- lo  Ibe  iludentaniitbepiBc-  Mtdieal   Timti. 
tiUoner  alike.— rA<  M-^dital  Aw. 

STUDENT'S  QUIZ  SERIES.  Thirteen  volume*,  convenient,  author- 
itative, well  illuslraled,  handaamely  bound  in  cloth.  1.  Anatomv 
(double  number):  2,  Phvaiologj;  3.  Cbemistry  and  Physioa;  4.  Histol- 
ogy, Pathology,  and  Bacteriology ;  6.  Materia  Hedica  and  Thera- 
petlllca;  6.  Practice  of  Uediolne;  7.  Surgery  (doable  number);  B.  Genito- 
urinary and  Venereal  Diseawi:  9.Di*eases  of  the  Skin;  10.  Disease* 
of  the  Eye,  Ear,  Throat  and  Nose;  11.  Obsletrics;  12.  Gyneeulosy  : 
13.  Diseasea  of  Children.  Price.  $1  each,  except  Nos.  1  and  7. 
Awitomy  and  -Stiryerji^  which  being  double  number*  ate  priced  at 
11,75  each.     Full  specimen  circular  oQ  application  lo  publishers. 

STUDENT'S  SERIES  OP  MANUA1«.  12mas.  of  fnjn)  300-640 
»g<a,  profusely  illustrated,  and  bound  in  red  limn  ototb,  Herman's 
First  Unesin  Uidwifery.  $1.25;  Lupf'b  Manual  of  Chemistry.  $2; 
BRCCK'alilateriaMedica  and  Therapeutics  I  sixth  edition     *'  '" 


Bbll'S  ComHralive  Anatomy  and  Phyaiotogy,  $2;  Bodert- 
soK'i  Pbyaiorogieal  Phyiica.  (2;  Oodlp's  Surgical  Diagnosis,  t2; 
ELBIN'e  ClemenU  of  Histology  1 5lh  edition  i,  fS.OU,  nrr ;    PBPfBB'a 


Surgical  Patholocy,  (2;  TREVte'  Surgical   Applied   Anatomy,  $2^ 
BAl.rB'g  Clinical  Chemistry, fl.aO:  andCLAKKSand   LocKwoou'B 
Diaaeclor'a  llaaaal,  $1.60.    The  following   is  in   pnt:  Pbfpbb'b 
Foreuie  If  wUeiii*. 
For  saparata  Dotiosa,  Ma  nnder  various  anthor's  naaiea. 
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STURGES  (OOTATIUS).  AN  INTRODUCTION  TO  THE  STUDY 
OF  CUNICAL  medicine.    In  one  12mo.  Tolame.    Cloth,  $1.25. 

SUTTON  (JOHN  BI^AND).  SUBGICAL  DISEASES  OF  THE 
OVARIES  AND  FALLOPIAN  TUBES.  Induding  AbdomiiiAl 
Pregnancy.  In  one  12mo.  volume  of  613  pftget,  with  119  engraTingB 
and  5  colored  plates.    Cloth,  $3. 

TATF  (LAW80N).  DISEASES  OF  WOMEN  AND  ABDOMINAL 
SURGERY.    Vol.  I.  oontaini  546  pages  and  3  plates.    Cloth,  $3. 

TANNER  (THOMAS  HAWKBS)  ON  THE  SIGNS  AND  DIS- 
EASES OF  PREGNANCY.  From  the  second  English  edition.  In 
one  octayo  yolume  of  490  pages,  with  4  colored  plates  and  16  engrav- 
ings.   Cloth,  $4.25. 

TAYTiOR  (AIjFRBD  S.).     MEDICAL  JURISPRUDENCE.    New 

American  from  the  twelfth  English  edition,  specially  revised  bj  Clark 

Bbll,  Esq.,  of  the  N.  Y.  Bar.    In  one  8vo.  vol.  or  831  pages,  with  54 

engrs.  and  8  full-page  plates.    Cloth,  $4.50;  leather,  $5.50  Jtut  ready. 


To  the  student,  as  to  the  physician, 
we  would  say,  get  Tayhr  first,  ana 
then  add  as  means  and  inclination 
enable  you. — American  PractUi4mer 
and  News. 

It  is  the  authority  accepted  as 
final  by  the  courts  of  all  English- 
speaking  countries.  This  is  the  im- 
portant consideratioD  for  medical 
men.  since  in  the    event  of   their 


nesses,  it  strongly  behooves  them  to 
be  prepared  according  to  the  princi- 
ples and  practice  everywhere  ac- 
cepted. The  work  wiU  be  found  to 
be  thorough,  authoritative  and 
modern. — Albany  Law  Journal, 

Probably  the  best  work  on  the 
subject  written  in  the  English  lan- 
guage. The  work  has  Iwen  thor- 
oughly revised  and  is  up  to  date. — 


being  summoned  as  experts  or  wit-    Pacific  Medical  Journal, 

ON  POISONS  IN  RELATION  TO  MEDICINE  AND   MEDI- 


CAL JURISPRUDENCE.  Third  American  from  the  third  London 
edition.  In  one  octavo  volume  of  788  pages,  with  104  illustrations. 
Cloth,  $5.50 ;  leather,  $6.50. 

TAYLOR  (ROBERT  W.).  THE  PATHOLOGY  AND  TREAT- 
MENT OF  VENEREAL  DISEASES.  In  one  verv  handsome  octavo 
volume  of  1002  pages,  with  230  engravings  and  8  colored  plates. 
Cloth,  $5.00,  net ;  leather,  $6.00,  nei. 


By  long  odds  the  best  work  on 
venereal  diseases. — Louitville  Medi- 
ccU  Monthly. 

In  the  observation  and  treatment 
of  venereal  diseases  his  experience 
has  been  greater  probably  than  that 
of  any  other  practitioner  of  this  con- 
tinent.— New  York  Medical  Joumul. 

The  clearest,  most  unbiased  and 
ably  presented  treatise  as  yet  pub- 
lisliea  on  this  vast  subject. — The 
Medical  News. 

Decidedly  the  most  important  and 
authoritative  treatise    on    venei'eal 


diseases  that  has  in  recent  years  ap- 
peared in  English. — American  Jour- 
nal  of  the  Medical  Sciences 

It  is  a  veritable  storehouse  of  our 
knowledge  of  the  venereal  diseases. 
It  is  commended  as  a  conservative, 
practical,  full  exposition  of  the 
greatest  value.  — Chicago  Clinical 
lieview. 

The  best  work  on  venereal  dis- 
eases in  the  English  lan^age.  It 
is  certainly  above  everything  of  the 
kind.— n«  St,  LoudM  Medical  wnd 
Surgical  Journal, 
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TATIiOR  fROBBRTW.).    A  PRACTICAL  TREATISE  ON  BEX- 
UAL    DISORDERS   IN   THE   MALE   AND   FEMALE.    Id   one 

Sro.  vol.  of  448  pp..  with  73  engrnTiiige  and  8  colored  pUt«i. 
The  Author  baa  presented  to  the   followed,  will  he  of  unlimited  value 
profenion  the  ablest  Bud  moat  Kicn- '  (o    both    physician    and    patient.— 
tifio  work  lu  TBt  published  on  sexual  '  M»dicil  Ntic: 
disorders,  andane  which, if  carefully 

A  CLINICAL  ATLAS  OF  VENEREAL  AND  SKIN  DI9EA8E8, 

Including  Diagnosis,  Pro^osii  and  Treatment.      In  eight  large  folio 
parts,  meaiuriDB  14  i  IS  mehes,  and  comprising  20  l>eauliful  figure* 


n  58fnll-page  ^mmn-lilhogrBphic  plates, ..  .    ^,_   ..  ^ 

pages  of  teit.  Tompli'te  work  now  ready.  Price  per  part,  sewed  in 
hesTT  embossed  paper.  %2M.  Bound  in  one  volume,  half  Russia, 
$27;WfTurkey  Morocco, J28.  FoTtnUbyittbteriptionoxly.  Address 
the  publiahen.     Specimen  plates  by  mail  on  receipt  often  cents. 

TAYLOR  (BBYMOVR).  INDEX  OF  MEDICINE.  A  Manual  for 
the  use  of  Senior  Students  and  others.  In  one  large  ISmo.  tolume  of 
802  pages.     Cloth,  (3.76. 

THOIIlAS(T-aAItJ.ARD)  AND  MUNDEIPAUIiP.).    A  PRAC- 
TICAL TREATISE  ON  THE   [118EASE9  OF  WOMEN.    Sixth 
edition,   thoroughly  rerised   by    Faiii,   F.   Mn.siill    M.  D.      In  one 
laree  and  handsome  octavo  volume  of  824  pages,  wilh  347  engravings. 
aotb,$6;  leather,  16. 
The  best  practical  treatise  on  the  |      Tbiswork,  which  hasalready  gone 
subject  in    the   En^rliih    Isn^age.  i  through  live  largeeditioni,  and  haa 
It  will  he  of  especial  value   to  the   been  translated   into   French,  Ger- 
general  practitioner  as  well  ns  to  the    man,   Spanish    and    Italiao.  is   the 
■ptciKliat.   The  illuslnilionB  are  very  ,  most  prwilicsl  and  at  the  same  tim« 
aatis&ctory.   Many  of  them  are  new  I  the  most  Gomplelc  treatise  npon  the 
and  are  particularly  clear  and  attrac- '  subject. — Tkt  Arehivtt  of  Oyatcol- 
tire.— Botton  MeA.  nnd  S»r.  JoHr.       ojy,  Obilttriet  and  Pediatria. 

THOMPSON  (9IR  HENRY).  CLINICAL  LECTURES  ON  DIS- 
EASES OF  THE  URINARY  ORGANS.  Second  and  revised  edi- 
tion.   In  one  octavo  lol.  of  203  pp.,  with  2fi  enKravings.    aolh,  J2.28. 

THE    PATHOLOGY   AND   TREATMENT   OF   STRICTURE 

OF  THE  URETHRA  AND  DRINARY  F1BTUI..C.  From  the 
third  EnRlish  edition.  In  one  ooUvo  voluma  of  359  pages,  with  47 
engravings  and  3  lllhogtaphio  places.     Clolh.  |3.S0. 


A  SYSTEM  OF  SURGERY.    In   Contributions  by  Twenly-flve 

English  Surgeons.  Id  two  larse  oetaro  volume*.  Vol.  I.,  Il7g  pasea, 
with  MSangravings  and  2  colored  plate*.  Vol.  11.,  lllOpagaa,  iflth 
4ST  «iigt*riQga  and  1  colored  plain.    Complete  work,  olotb.  |fl6.00. 
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TREVES  (FKEDE3UGK).  SUBOICAL  APPLIED  AKATOMY.  In 
one  12mo.  yolmne  of  640  pages,  with  61  engrayingt.  Cloth,  ^.  See 
StuderWt  Seriet  of  Manuali,  page  27. 

TUTTIiE  (OEOROE  M.).  A  POCKET  TEXT-BOOK  OF  DISEASES 
OF  CHILDREN.  In  one  handaome  12mo.  yolume  of  374  paces, 
with  5  plates.  Just  ready.  Cloth,  $1.50,  n^;  flexible  red  leather, 
$2.00,  net.  Lea*s  Series  of  Pocket  Text-books,  edited  by  Bbbn  B. 
Gallaudet,  M.  D.    See  p.  18. 

VAUOHAN   (VICTOR   C.)    ANB   NOVY   (FRBa>BRIGK    O.). 

PTOMAINS,  LEUC0MAIN8,  TOXINS  AND  ANTITOXINS, 
or  the  Chemical  Faotois  in  the  Causation  of  Disease.  New  (3d)  edition. 
In  one  12mo.  volume  of  603  pages.    Cloth,  $3. 


The  present  edition  has  been  not 
onl  J  thoroughly  revised  throughout 
but  also  g^reatly  enlarged,  ample 
consideration  being  given  to  the  new 
subjects  of  toxins  and  antitoxins. — 
lYt-t^ate  Medical  Journal, 


The  work  has  been  brought  down 
to  date,  and  will  be  found  entirely 
satisfactory. — Journal  of  the  Ameri- 
can Medical  Association. 

The  most  exhaustive  and  most  re- 
cent presentation  of  the  subject. — 
American  Jour,  of  the  Med,  Sciences, ' 

VISITING  lilST.  THE  MEDICAL  NEWS  VISITINO  LIST  for  1900. 
Four  styles :  Weekly  (dated  for  30  patients);  Monthly  (undated  for 
120  patients  per  month);  Perpetual  (undated  for  30  pAtients  eadii 
week);  and  Perpetual  (undated  for  60  patients  each  week).  The  60- 
patient  book  consists  of  256  pages  of  assorted  blanks.  The  first  three 
styles  contain  32  pa^^es  of  important  data,  thoroughly  revised,  and 
160  pa^  of  assorted  blanks.  Each  in  one  volume,  price,  $1.25. 
With  tnumb-lett«r  index  for  quick  use,  25  cents  extra.  Special  rates 
to  advance- paying  subscribers  to  The  Medical  News  or  The 
American  Journal  op  the  Medical  Sciences,  or  both.  See  p.  32. 

WATSON  (THOMAS).  LECTUKES  ON  THE  PRINCIPLES  AND 
PRACTICE  OF  PHYSIC.  A  new  American  from  the  fifth  and 
enlarged  English  edition,  with  additions  by  H.  Hartshorne,  M.  D. 
In  two  large  8vo.  vols,  of  1840  pp.,  with  190  cuts.  Cloth,  $9 ;  leather,  $11. 

WEST  (CHARLES).  LECJTURES  ON  THE  DISEASES  PECULIAR 
TO  WOMEN.  Third  American  from  the  third  English  edition.  In 
one  octavo  volume  of  543  pages.    Cloth,  $3.75 ;  leather,  $4.75. 

ON  SOME  DISORDERS  OF  THE   NERVOUS  SYSTEM  IN 


CHILDHOOD.    In  one  small  12mo.  volume  of  127  pages.    Cloth,  $1. 

WHARTON  (HENRY  R.).  MINOR  SURGERY  AND  BANDAG- 
ING. New  (4th)  edition.  In  one  12mo.  volume  of  694  pages,  with 
502  engravings,  many  of  which  are  photographic.    Jvst  ready.    $3.00, 

We  know  of  no  book  which  more 
thoroughly  or  more  satisfactorily 
covers  the  ground  of  Minor  Surgery 
and  Bandaging. — Brooklyn  Medical 
Journal. 

Well  written,  conveniently  ar- 
ranged and  amplv  illustrated.  It 
covers  the  field  so  fully  as  to  render 
it  a  valuable  text-book,  as  well  aa  a  | 


work  of  ready  reference  for  sur- 
geons.— North  Amer.  Practitioner. 
The  part  devoted  to  bandaging  is 
perhaps  the  best  exposition  of  the 
subject  in  the  Englisn  language.  It 
can  be  highly  commended  to  the 
student,  the  practitioner  and  the 
specialist. — The  Chicago  Medical 
Recorder, 


WHTTLA  CWTIililAM).  DICTIONABY  OP  TREATMENT,  OE 
TBERAPEUTIC  INDEX,  rncladine  Medical  and  Surpn<al  Thera- 
peutics.   In  one  square  octavo  Tolumv  of  B17  pagea.    Clodi.  $4, 

WILLIAMS  (DAWSON).    THE  MEDICAL  DISEASES  OF  CHIL- 
DREN.   In  nae  12tii<>.  rr>]ume  of  629  pages,  with  18  illuetrmtioni. 
Jtul  ready.     Clotb,  $^.60,  net. 
The  descriptioiiB  of  aymplomi  arc  ,  diagnotea,  prognoaia,  compUcatiDDs, 
full, and  Ihalrenlmtiit  recommended   and  Ireatmeat.    The  vork  is  up  to 
will  niert  general  approYiil.    Under  i  dale  in  every  aeni''. — The  CharloUt 
eacii  diaenae  art' given  Iht' lyuipmnia. .  Medial  Journal, 


WTIAON  [ERASMUS). 
A  new  and  reviaed  Ameri 
with  397  engnlvinga.    In 
leather,  fe. 


SYSTEM    OF    HUMAN    ANATOMY. 

n  from  the  lost  Engliah  edition,  ninatrsted 
ie  octavo  Tolume  ot  616  pages.    Cloth,  M : 


WDfOKEL  ON  PATHOLOGY  AND  TREATMENT  OF  CHILDBED. 
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